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Caffini. 

IV. Obfervations on fpidersy by M. Homberg. 

V. Of the effeSts of gunpowder ^ chiefly in mines ^ 

by M. Chevalier. 

VI. A new conftruSlion of fluices^ by M. de la 

Hire. 



AN 



AN 

ABRIDGMENT 
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Philofbphical Diicoveries 

AND 

OBSERVATIONS 

I N T H E 

History of the Royal Academy of 
Sciences at P^m, for the Year 1707. 

I. On the light of bodies produced by friSlion ; 
tranjlated by Mr. Chambers. 

THE new phofphoru? difcovered by M. 
Bernoulli^ and mentioned in the preceding 
papers, could not fail of raifing the curiofity of 
philofophers, and efpecially thofe of the acade- 
my, who had a fort of right to a difcovery made 
by one of its members. Among other expe- 
riments on this head, they came at length to 
the light which certain bodies yield, by rubbing 
in the dark ; the refulc whereof is as follows. 

As mod of thefe experiments were only made 
on bodies which yield light the moft eafily, as 1 
cat's back when rubbed againft the hair in win- 
ter, or fugar, or fulphur pounded, fcfr. there 
are certain conditions to be obferved. 

ift. That of the bodies rubbed againft each 
other, one. of them at leaft muft be tranfparent, 
that the light may be feen through while it lafls, 
which ufuwilly is -during the time of fridion. 

B 2 adiy, 
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adly, The furface of the two bodies muft be 
plain, fmooth, and clean, that the contadt may 
be the more immediate. 

3dly» The two bodies muft both be hard, 

4thly^ A great denfiry, without a great degree 
of hardnefs, will alfo have its efFeft- Thus M, 
Bernoulli procures light, by rubbing an amalga- 
li>a of mercury and tin upon a looking- glafs, 

5thly, One of the two bodies muft be as thin 
as pofllble, that it may be the eafier heated by 
fi-iftion, and may yield a quicker, as well as 
brisker, light. This M, Bernoulli tried on little 
copper- plates of different thickneffes. 

6thly, Gold rubbed upon gLifs, appeared the 
fitteft of all metals to afford light ; but no body 
yields fo exquifite a light as a diamond, which 
comes nothing behind that of a live coal, briskly 
blown by the bellows ; nor is it any matter how 
ihick the diamond is. 

HenccM. Bernoulli concludes, that Mr. Boyle^ 
notwjthftanding all his skill in experimental 
philofophy, held a thing to be a kind of prodigy 
which was none, vi^^. a diamond of his, which 
yielded light when rubbed in the dark, to which 
he gave the magnificent appellation of adamas 
lucidus^ yet had not this any particular privi- 
ledge, unltfs that its brightnefs continued a few 
moments after the friflion, which we may add, 
was the foundation of part of Mr, fi^j/^'s eftccm 
for it. 

On occafioa of thefc experiments of M* Ber- 
noulli^ M. Ca$ni the younger made others on 
the fame head to the effeft folluwing. 

jft, A diamond » cut tabic- ways* being rubbed 
on a looking-glafs, yielded a light almoft equal 
to thit of a live coal, and which t\Tn appeared 
larger than the face of the diamond. 

2d]y, 
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2d!y, A diamond^ cut faceuways, yielded a 
lefs vivid light. 

3dJy, A crown^ and fome other pieces of fiU 
vcr, yielded Icfs light than the facet-diamond, 

4thlyj A copper double and a fol yielded very 
litilc. 

AH the bodies^ in the fore-mentioned experi- 
mcntSj were rubbed upon glafs, 

5thly, The table-diamond^ when rubbed on a 
plate of Giver, yielded light, 

II. On fre-armi differently charged % tranf- 
lated by Mr. Chambers. 

M, CiSrr^' informing the academy of fomc ex- 
periments made by a friend upon fire-arms 
charged in different manners, it was thought pro- 
per to verify them i which M» Caffmi theyounger^ 
accordingly undertook. 

He made a kind of machine^ wherein was a 
piece of wood armed at one end, with a pretty 
thick plate of talc, whereon the fcveral fliots 
were to be received. This plate was made move- 
able, fo as to give way» more or lefs, according 
as a greater or lefs impulfe was made on it % and 
at the fame time ihew, by the ftru6lurc of the 
machine, how much it had given way. 

Now from the experiments made by M, Cqffini^ 
it appears, ift. That the putting a wadding be- 
tween the powder and ball, renders the effort 
the greater : the reafon is evident, and accord- 
ingly we find it the common practice. 

2dly, That cruris par this ^ thofe balls which 
fit exaftly the bore of the piece have the greateft 
effcft, by reafon, doubdefs, that they do not 
come out fo readily, but give time for a greater 
quantity of powder to take fire, 

6 3 3d]y» 
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jdly, That when the powder' is rammed vio- 
lently down, the effort is no greater^ but rather 
Ibmewhat I*;ft^ than when barely preffed down. 

4thly» That gun-powder caft upon the ball, 
dimmilhes ii3 effect: the rcafon may be, that the 
powder making its effort every way^ that which is 
upon the ball muft needs give fome oppofition 
thereto, by afting counter to the motion which 
ihould bring it forth, 

5ch!y, That this powder, though it diminifli the 
effcft of the bill, increafcs the noife* 

6thly» That the fire of the powder under the 
ball, communicates with that over it* even though 
the ball be exaftly fitted to the bore, and lodged 
between two waddings; this appears from the 
great tncrcafe of noife, 

7thly, That taking a ball fome what Icfs than 
the borcj and putting but little powder under it* 
and a good deal over it, one may Ihoot with a 
VL^ry great noiftv but no fenfible efic<ft. They 
who have purchafed fecrets for becoming invuK 
nerable, and have tjeen fo cautious as to make 
triids thereof, have doubdefs been impofed on by 
this artifice. 

in* Vpon ftotm^ and particularly ibofe of 
tbefm I trariflated by Mr. Chambers. 

M, SaulmdH making a tour about the coaft of 
\fii>rmandy and Puardy^ and the country adjoin* 
[iTig, had cccafiori to make fome phyfical re- 
jections which he communicated to the academy. 

The Gakis are a kind of pebbles, commonly 

tar, round, and always very fmoodi and poliftied* 

'flrivrn by the fea upon thole coafts. It is eafy ta 

eonceive, that their figure and pohlh had arofe 

their being long beaten and toft by the waves, 

and 
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and rubbed one agaiaft another; but there are 
(tore of them likewife found out at land. M, 
Sdulm&n learned, that when rhey dig their cellars 
at Caiiux^ abundance of thefc gakh tumble in ; 
and that at Bruul^ which is a .league from the fea, 
the fame thing had befallen : upon digging a well 
he further obferved J that the mountains of Bon- 
nueili Br&yiy and ^efnoy^ which are eighteen 
leagues from the fea, are all covered with ga- 
/f/i, which he alfo found in the valley of CUr^ 
mmif in the Beauvdifis J but obferved^ that there 
were none on the top of the mountainj which is 
very high* 

Among the galeij out at land, there are fevcral 
whofc furface is very rough and irregular, belet 
with points ; and what is more, this furface is a 
kind of bark, or rind, different from the reft of 
their fubftance ; yet this feems to be their natural 
llate ; for no external caufe can ever have invefted 
rJiem with tliis rind, but may, on the contrary^ 
have ftripped them of it ; and fuch caufe may be 
a long and violent friition. Add, That it is 

Wy probable they are of the fame fpecics with 
^t)hks, which have a like rind, confiderably 
thick, and of a chalky confiftance. 

M* Saulmon makes no doubt, but that all thcfe 
lands were formerly covered by the fea \ a notion 
which hid already been ftarted in the hiftory of 
1706* with fomc of the arguments which feem ro 
prove it. To render it Hill more probable, at kaft 
with regard to the countr j where M, Saulmon majjie 
his obfcrvations, he endeavours to fliew by thedif' 
pofition of the place, that when the feadidcover it, 
the currents formed between the mountains with 
tlic fcveml eddies of water, muft neceflarily have 
thrown the greareft or leaft^We/i into the placci 
where they are adually found j for it is obfcrvable, 
B 4 th^Vt 
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that the greater and fmaller kinds are not ufually 
intermix;:d, and diftributed fome on the one fide, 
and fome on the other. It is evident upon M, 
Saulmonh fuppofition, that the mountain, whofe 
top was free ofgalets^ had rofe above the fea, and 
confequcndy could not receive the driving ftones* 
upon its top 1 but to determine by the Jaws of 
motion of bmiics circulating in, and with a fluid 
the fcveral diftributions of galeis that mufl have 
been made in fcveral places, would be both a 
topography and a phyfiolog^y of fo nice a kind^ 
that wc chink it ought not to be attempted. We 
fh jl! only relate two obrervations ^ftcr M.Saulmon\ 

The 1 ft. That a hole 1 6 feet deep, being dug 
horizontally in die beach of'Trefport^ which is all 
ilony, difappeared in 30 years time ; that the fea 
had eat this thicknefs of 16 feet into the beach 
in that time. Now fuppofmg, that it always 
gained at that rate, it would dig 1000 fathoms^ 
or 7 a league of ftone, in 12000 years ; and i: is 
evident from hiftory, that the fea has really ad- 
vanced, or wididrawn, in a multitude of places 1 
and that it has a general, though a very flow 
motion^ whereby it changes its bounds. 

2dly, Flints have not only a chalky rindj but 
their black and hard fubftance, which is properly 
the flint, may be fuppofed to have originally been 
no other than cha k, which had hardened by de- 
g"ees, and changed its colour, M, Saulmm pro- 
duced flints of different ages* fome whereof had a 
greater or lels quantity ut chalk ft ill remaining in 
their centre, while others had chalky veins dif- 
petfcd through their black fubftance, and carried 
all the indications of their having arrived at their 
blacknefs and haidnefs by length of time. He 
even conjeftureSj that the flinrs, when too old, 
lu; n rutcen % and that it is fuch as Uiefe we And 

with 
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fvith their black fubft;ince turned reddifh, le& 

firm, and as it were rufty, All which feems 

to tally with the fyftem of ftones arifing from 
Jeeds. 

IV* Of an extraordinary cure performed Sy 
a concert of mujick. 

An eminent mufictan, who was a great com- 
1 pofer, was feized with a fever, which ftill in- 
creafing, became continued. On the 7th day he 
fell into a violent delirium, having hardly any in- 
termiffion, attended with cries, tears» terrors, and 
a perpetual want of fleep. The 3d day of this de- 
lirium, one of thofe natural inftinds which is faid 
'to make animals feek for thofe herbs which ara 
proper for them» made him defire to hear a little 
concert in his chamber^ it was with much diffi- 
culty that the phyfician confented to it. They 
played to him the cantata*s of M. Bernier, Froin 
his firft hearing them tune their inftruments, his 
faceafTumed a lerene air, his eyes were compofcd, 
the convulfions entirely ceafed, he (hed tears of 
pleafure, and his fenfes were afFefted with the mu- 
fick in fuch a manner, as he never felt before nor 
fince the cure i his fever ceafed during the whole 
concert i but as foon as it was ended, he relapfed. 
They did not neg^eft to continue the ufe of thi^ 
unexpefledly fuccefsful medicine 1 the fever, and 
delirium always fufpended during ihe concert and 
iBufick was bi-come lb neceffiiry to him; that in the 
night he made a relation who watched with him, 
both fing and dunce, though her affliftion made 
it difficult for her to comply with him. One 
night among the reft, when none but his nurfc 
was with him, who could only fing one miferablo 
bilfadt he ^^^ forced to be content, and even 

ro- 



received Ibme benefit from it. In fliort, lo days 

|liiufick quice cured him, without any other 

^ITiftance, except bleeding in the footj which was 

the fccond time this had been donej and was fuc- 

ceeded with a great evacuation. M. Dodari re- 

Jated diishiftory, which he had well attcftcd : be 

dotrs not pretend, thit this ought to ferve as an 

ex.imple or a rule, but it is pretty curious to fee in 

a man, whofc very ibul, if I may fo fay, was 

become harmony^ by a Jong condnued cuftom, 

khow concerts by degrees reftored his fpirits to their 

natural courfe. It is not likely that a painter 

vould have been cured thus by piflures-s paint- 

[ ings have not fo great an influence as nuifick over 

tlie motions of the fpirixs, and no art in this rc- 

fpcft can equal it, 

V. Of the muliipUcatim of animalcules. 

A philofopher, friend to M. CarrS^ who h;js 
been frtquently mentioned in the preceding hi- 
ftoriesj imagined from fame expcrimt:nt$ which 
tie had made, that animalcules ttr^n in the water 
with a microfcope do not mukiply therein, but 
proceed irom little invifible fliL's, which lay their 
eggs in the air. And indeed > as thefe animals ai'e 
a kind of little worms, it is natural enough, that, 
like many other worms, i,ht:y lliould all proceed 
from fbme of the winged fpecies j but the obferver 
was convinced of his miftiikc. He boiled water 
and duiig, anti filled therewith two phials of tqual 
fiii^c % when they were lukewarm, Jie put into one 
of il\efc phials, two litde drops of w^ater taken 
wt of a vcffel, wherein the water was full of thcfe 
[|itdc animalcule!* ; and 8 days after, he found this 
phial fiiied with an innumerable quantify pf ani« 
lalkules, of tlie lame fpecies vvidi tbofe which 

were 
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'were in the dt^ops of water. There were none to 
be perceived in the other phial, chough the dung 
might probably have produced fome. They had 
both been flopped very clofc. The multiplica- 
tion of animalcules in water^ is therefore hereby 
fettled; but more fo, if it is certain, that this phi- 
lofopher &w them couple ; at leaft^ it is certain, 
that he faw them joined two and two. Perhaps 
this was to fight j but^ do they always fight by 
pairs ? 

Vh Of the circulation of blood in in/eSfs, 

M, Liwenboeck (ays. That he cauld not obferve 
the circulation of blood in infefts^ and therefore 
imagines another way, by which he believes their 
life is maintained. But the philofopherj whom 
we juft now mentionedj who is well flciUed in the 
life of the mifcrofcope, fays, That he has diftin<a* 
ly leen the circulation in the leg of a fpidcr. 

VII, Of worms voided by ftooL 

M. Tiomherg fays, That a young man of his 
acquaintance, who is in good health, has during 
thefe 4 or 5 years^ voided every day by ftooJ, a 
great number of worms, about 5 or 6 lines long, 
though he eats neither fruits or faljads, and has 
made ufe of all known remedies. He once or 
twice voided above an ell and a half of a flat 
worm 5 divided by joints^ called the folium. It 
is hereby feen» bow many eggs of infcds there 
muft be in all that food which we leaft fufpeft to 
contain any, which want nothing hur the fto- 
mach; or, as I may call it, an oven fit to hatch 
rhem. 
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VI IL CJf //j^ Iguana, dn American lizards 

The iguana is a kiod of lizard found through 
all parts of Jmerica^ it is defcribed in Pif&'s book, 
De utriufque Indi^ re naiurati £ff medica. It is 
amphibious, it has two ftomachs^ in one of which 
there is often a ftone> white on the outfide, and 
th« infide very much like the colour of the Ame* 
rican bezoar, Ic has the virtue of expelling the 
ftone and gravel in the kidneys, and cures the 
ibpprefllon of urine. It is adminiftred in very fine 
powder, with an equal quantity of the powder of 
nut'fhells, both together weighing a dram, in 
omnge-flower water, if there is no fever, or fuf- 
picion of an inflammation in the ureters^ or in the 
bladder; in which cafe it muft be given in white 
wine, mixed with pardcy water, or pellitory of 
the wall, or fome other diuretick. It fometimes 
has effedt in an hour's time, but at moft, in three 
hours. A Spmifo phyfician of Carnccas^ having 
fent this accoqnt to M. DePas^ a phyfician of 
Mmtpellier^ who is with M. D^jJlsff^f j, direftor 
of the AJftmto zom'pzxiY in America^ and having 
related to him many experiments which he had 
made with the ftone of the tpian^^ tfits ktcer kas 
been fcnt to the academy. 

IX. Of the difference of the milk ^/'European 
women^ and Negreffes at Batavia. 

M, H&mherg fays, that European women who 
gp to Bataviay cannot fuckle their children^ 
their milk being fo fait that they will not take it i 
whereas, the milk of the Negrejfis^ though their 
diet is the fame, is fweet and pleafant as utual j 
iherefore they ftickle die children of the Dutch 
2 a^d 
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and Englijb. He himfelf, who was born at Bd^ 
iaviaj was fuckled by a HacJ:. He thinks it 
probable, that when the Europeans are carried 
into fb hot a climate, being not made for it, thofc 
veffels which in them are defigned to filtrate the 
milk, dilate too much, and give paflage to thofc 
ialts which are not intended to enter into the com- 
pofition of this liquor ; but that the women of 
thefe hot countries are, by their firft formation^ 
fitted to generate good milk -, that is, either that 
the filtring veffels are naturally lefe, and do not 
afterwards dilate more than is neceffary, or arc of 
a firmer texture, and leis capable of dilatation; or 
ibmething, in ihorti equivalent to this* 

X. Of an aurora horcalls fetn at Berlin. 

M. Leibnitz fent an account fronj Berlin^ to 
M. I* Abbe Bignon^ that March 6, between 7 and 
10 in the evenmg, there was feen in this city, and 
in the neighbouring country, an aurora borealis, 
which was fomething like that mentioned by 
M. Gajfendiy in the life of M. Pierefc. Them 
were two luminous arches, one of which was 
higher than the other ; both direftly northward ^ 
their concavity turned downward; their chords 
parallel with the horizon. The fuperior arch 
was interrupted ; ftreams of light went from 
the one to the other, which juft appeared, and 
vanifhed away. 

XI. Of a new ijland near Santerini- 

M. De la Lanne^ confol in Candia^ fent word 
to the conful of ^unis^ that two miles from tlic 
ifland of Santerini^ which is feventy miles from 
Candia^ a new ifland was perceived -, which, at firft 

ap. 



i4 ^^e History and Memoirs §ftbe 

appeared only like a Htdc vefleU but incrcafing 
daily, it became as big as a large fhip. It is fur- 
rounded with cnany other little illands', and there 
coniiriually proceed great flames from it. This 
novelty is the more furprifing^ the water being in 
this place more than 60 braces deep ; the fubter- 
ranneous fires mulV therefore have ftrange force to 
throw up fuch a great heap of ftones fo high, 
through the fea. As in fome parts of Santirini^ 
and of fome other iQands of the Archipelago^ the 
foil wholly confifts of pumice ftonc, it is very 
likely, that tliefe new iflands arc formed of theic 
light ftones. M. iie Cbaftudl Gallaup^ a gentle-^ 
man of Proveme^ of great erudition and merit, 
has done me the honour to communicate this to 
me, of whicli he was informed by a letter from 
ITunis^ which ktter faid, this account was con- 
firmed by the captain and failon of a fhip newly 
arrived from the Levant to Sufa^ in the kingdom 
ofTanis^ who were all eye-wimeffcsof the truth 
of what M. Dt la Lanne had written. 
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XI L Of it fms) wa)' of conftruBwg the map 
of a country. 

The great expence which attends the conftruft- 
ing the mapof a country geometrically j the length 
of time which it requires, and the fmall number 
of thofe who are capable, or who will take the 
pains to execute this work, are the reafons why 
few maps are conftrudted geometrically ; yet no 
others are abfolutely certain. Provided fuch 
cannot be had, M, Chevalier propofcs another 
method, which is not far fliort of the geometrical 
exadtnefs ; yet may be put in praftice without 
any geometry, requiring only care and attention. 
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The arch of the horizon taken between the 
point where the fun rifcsor lets, at any day what- 
foever, and the point where it rifes orfets, when 
k is in the equator, is called the amplitude. It is 
then, at firft view, that the amplitude is greater 
in proportion to the diftance of the fun from the 
equator, or has a greater declination \ and it is 
alfo feen fix)m the different pofitions of the fphere, 
that the more oblique it is, or the higher the 
pole is elevated for any place, the greater is the 
amplitude, all the reft being equal. The decli- 
nation of the fun, and the elevation of the pole^ 
are therefore the two elements whereon the fize 
of the amplitude depends, and tables of the va- 
riation of die amplitudes are conftrufted accord- 
ing to that of their elements. 

I fuppofe the place where I am, for example 
Paris^ to be in the centre of a pretty large circle 
defcribed on a paper, and divided into 360 . As 
I know by the tables, that the folftitial ampli- 
tude, the greateft of all at Paris^ is 37 degrees 
omitting the minutes, I take on my circle for the 
equinoftial amplitude, or o, the poipt where its 
divifions begin, and the 37 degrees following an- 
fwers to the folftitial amplitude. This fpace of 
37 degrees anfwers to three months, and I divide 
it according to the table of amplimdes, to each 
day of 3 months, or rather from 5 to 5 days, 
becaufe the amplitudes have not any fenfible al; 
teration from one day to another. I do the iame 
for the amplitudes of the other 9 months of the 
year. 

I alfo fuppofe that the radius of my circle re- 
prefents an extent of two leagues, and I divide it 
into 8 equal parts, which are confequently of a 
quarter of a league each, and through each of 
thefe divifions I defcribe circk$ concencrical with 
3 the 
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the firft. M. Chevalier calls the papers, where* 
on thefe figures are, chajjis^ or frames. 

This done, on any day whereon the rifing or 
the fetting of the fun can be obferved, I have two 
wires on the frame direftly perpendicular, one at 
the centre, the other at the outward circle, which 
anfwcrs to the day pitched upon, I place the 
frame exaftly horizontally^ and turn it in fuch a 
manner, that at the moment of the fun's rifing or 
fetting, the fhadow of the two wires is upon the 
fame right line, and I fix it faft in this fituation« 
It is certain, that all the divifions of the outward 
circle will anfwer exaftly tothofe of the horizon, 
that the 90th degree, for example, after an equi- 
noftial amplitude, is a pole, (dc\ in a word, 
that the frame is well reftified. Then if I am in 
a place high enough to furvey an extent of two 
leagues round, I direft a rule, which can be 
moved round the centre, cxadly to a ileeple, at 
what place I pkafe; and I am certain, that this 
jEteeple is in rcfpeft to Paris^ in the pofition 
determined by the rule, to the fouth-eaft, for ex- 
ample, and confequently it muft be defcribcd in 
my frame on this line. It remains to be knowji 
at what point ^ now it is fuppofed, that I know 
pretty well the diftance of all thofe places which 
are within two leagues of the place were I dwells 
and this know^Iedge is more familiar in the cotin- 
try, where ihe frame will be moft in ufe. As ii 
is divided into quarters of leagues, I place the 
fteeple according to its known diftance, either 
upon One of the concentrical circles, or between 
two circles, and cannot fall into any confiderable 
error therein. 

What I have done in relation to Paris^ M, 
Chtvalier would liave 30 or 40 pcrions do round 
about P^m, at 2 leagues diftance at moft from 

one 
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one another, each of them in relation to the 
place where they dwell ; not that each fhould be 
obliged to make a frame, that work requiring 
the hand of a geometrician, but they being once 
made by an artift, copies may be fent to 30 or 
40 perfons, who will then have only the trouble 
of laying out the lines of neighbouring, places, 
as has been faid, and few are incapable of doing 
this. The %o or 40 little maps being made, 
they mud be returned to the geometrician, who 
underftands how to put them together, anci there- 
by compofe a map of the country round Paris. 
As the fame frame is to be fent to all thofe de- 
figned to be employed, it is fuppofed, that the 
amplitudes are the fame, as to places which are 
but Kctle diftant, which is only fenlibly true. 
Nor can this method of conftrudling maps be ufe- 
Ail, except as to a little trad of land ; and it is. 
proper, that the city, or principal place, on which 
alone the amplitudes are regulated, fhould be in 
the middle of that tra£t of land which is to be 
defcribed, that fmall errors of particular places 
may compenfate for one another. 

It flioujd feem, that without making ufe of 
amplitudes, the frame might be reftified by 
means of the meridian of the place, which is 
commonly known in the country •, but it is only 
known in a grofs manner, and if it was neceffary 
to find it more exaftly, few would fucceed in 
it. The method of reftifying by amplii;udes, 
when the frame is quite finiflied, is more cer- 
tain, and has no difficulty in it. Not but the 
other may alfo be ufed with fuccefs. 

It may be obfervcd, in the method of the am- 
plitudes, that an error, which may be imperceiv- 
able in a little traft of land, will be lefs fo if 
the work is performed in a trad: of lels latitude. 

Vol. III. N^. 24. C or 
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or in a time nearer to the equinoxes, for in thefe 
two circumftanccs, there is lefs diflference in the 
amplitudes bfdiffcrent plaee^f. The larimde is 
the circumftance which makes leaft difference in 
them ; and as in France it is pretty extenfive, 
the operations near the equinoftial ought fo much 
the more carefully to be obferved there. 

To have given here in general the fpirit of M. 
Cbevalier^s method is fufficient. As a geome- 
trician muft of ncceffity be at the head of the 
work, he will eafily imagine what alterations 
certain particular circumftanccs require, and fa- 
cilities which may be contrived for the operators. 
A bifliop, who has a genius for the fciences, may 
in this manner conftruft a map of his country, by 
help of his clergv, who will hardly be lenfibfe 
themfelves, that tncy are making geometrical o- 
perations. Many ufeful things, and fome which 
appear difficult, would almoft execute themielveSy 
if they who arc in place, would give a firft mo* 
tion to them. 
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Philofophical Memoir^ 

OP THE 

RovAL Academy of Sciences at Fms, 
for the Year 1707. 

L Obfervations on the quantity ofrain^ which, 
fell at the ohfer'dOftQry during the year 
1706, and on the thermometer and b{iro^ 
meter^ by M. de la Hire *. 

TH E obfervation which I have long made 
on the quantity of water which falls on 
the earth during each year, the refult of which I 
give in the memoirs of the academy, at the be- 
ginning of the fuccceding year, have excited 
many curious pcrfons, in different parts of the 
kingdom, to do the famp in the places where 
they dwell. Some of thefe obfervations have al- 
ready been given in our memoirs, ^nd have been 
compared with thofe made at Paris i but the 
mod confiderable is, that made by the marftiaj 
de J^auban at Lifle^ iq Flanders^ during ten year? 
fucceffively, which I related fome tin)e ago, an4 
from thence concluded, that there is a little more 
rain in Flanders than at Paris. 

• Jan.S, 1767. 
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Here is the continuation of thcfe obfervations, 
which were- made here during the preceding 
yegr, in all the fan^e circumftances, and in the 
fame maimer as thofe of the foregoing years. 
The height of water which fell at the obferva- 
tory, was in 

Lines. Lines. 

Jan. 8^ July 13 

Feb. i5if Aug. s\l 

March 3i| Scot. 18^^- 

April 71 Oftob. 19^ 

May 23! Nov. 17 

June 2ii- Dec. 30^^ 

Quantity of water in the whole year 183 lines 
\U or 15 inches, 3 lines I. 

This has been a very dry year, if the quantity 
of water, which has fallen, is in general confi- 
dercd, which commonly ufed to be between 19 
and 20 inches: but it niuft be looked upon as 
one of the wetteft years, if it is confidered that 
the greateft rains commonly happen in the months 
of July and ^ugufij with ftorms, and that this 
year it did not rain in both thefc months toge- 
ther much more than 18 lines. 

Dry years are always advantageous to the corn 
' in this country, the greateft part of the land be- 
ing moift and cold ; for the weeds do not then 
grow, or turn the corn up. 

As to the heat, I compute it by the thermo- 
meter, called the Florence thermometer, which is 
fixed in a place expofed to the air, but fhaded 
from the fun. It is at the 48th degree of its divi- 
fion in the bottom of the caves of the obferva- 
tory, where I fuppofe the air to be in a mean 
ftate of heat, and it begins to freeze when the li- 
quor in the tube falls to 32 degrees. The loweft 

. c I which 
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which the thermomecer fell at the beginning of 
this year, was to 20 | degrees Jan. 21 j but k 
alnnofl immediately rofe again to 30 degrees, and 
the froft was but inconQderable, and of little 
continuance i and in the firft 8 days of February^ 
when the cold is commonly moft fevere, the ther- 
mameter always ftood at about 30 degrees. The 
9th of this month, it was at 45 degrees, which is 
almoft its mean ftate: the remainder of the month 
it was always near 30 degrees, which indicates a 
little froft. As to cold at the end of the year* 
it was inconfiderable, for it only froze Z)^f. 21, 
the thermometer then falling to 28 f. There fell 
only a little fnow Feb, 4, 

Though the cold was not great, nor of long 
continuance^ the heat on die contrary was very 
confiderable, and latted longv for the thermo- 
meter almoft always ftood at near 60 degrees 
in the 3 months of June^ Jf^fy^ and jiag. The 
hotteft day was Jug. 8, wlicrein the rhermome^ 
ter was at 68 degrees about the fun's rifing, which 
15 the time when I always obferve it, and wherein 
the air is the coolcft of the day. This very day, 
at 2 in the afternoon, which is the time when 
the air is hocteft, the thermometer rofe to near 
82 degrees-, whence the heat is known to have 
been very great, fince the thermomecer rofe to 
34 degrees above the mean ftate v and had it 
fallen as much below it in the winter, it would 
have come to 14 degrees, which commonly in- 
dicate the grcatcft cold that we ever lufFer in this 
country- 

In thefe fort of obfcrvations regard ought to 
be had to the wind, which partly caufes heat 
and cold, therefore I alfo give much attention 
to that* In the month of Jan. the wind was al- 
ways eafterly^ inclining fometimes lo the Ibuth, 

C 3 anl 
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and fomedmcs to the nordu At the begmning 

of Feh it was wefterJy ; and towards the end of 
the month northerly. In March^ it wai pretty 
xlifihgeable* chkfly in the wefl:> but Httk in the 
eafl, and paffing by the north. In ApriL, at the 
begmning, towards the north-eafl: % and at the 
end, in the weft. In May^ the weft wind prevailed. 
In June^ it was almoft always near the fouth 
and weft* In July^ at the beginning and end, 
near the weft v and in the middle near the north. In 
Jug. it was almoft always weft, ihclininga littlfe 
to the north, and very often to the fouth \ which 
tontributed much to the great heat. In Sept. al- 
moft always fouth- weft. At the beginning of 
O^, alfo fouth- weft ; and at the end^ near fouth- 
eaft. In Nov. the wind was almoft always fontbi 
:and a little thereabouts ; but chiefly weft ward. 
In Dec. almoft always fouth and fouth- weft. 

The prevailing wind this year, was fouth-weft, 
z% it is connmonly in this country, becaufe of the 
neighbouihood of the fea ; but this foutb-weft 
wind has always been very violent- 
There were fome ftorms this fummer \ but ihc 
moft confidcrable happened July 27, in the morn- 
ing, with thunder ; which did much damage in 
many places. 

The barometer which ferves me for the weight 
of the air, is always placed at the top of the great 
hall of the obfervatory, March 10, the quick- 
filver rofe to 28 inches, i line |, Dec. 22, it fell 
1^0 26 inches, 9 lines: the difference between thefc 
2 heights was therefore i inch, 4 lines f , whicli 
is pretty near as ufual ; but it feldom falls fo low, 
except with a very high foucherly wind of long 
continuance, as it was then* I have frequently 
obfervaiy that the quick- Giver has been very high, 

though 
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though the wind has been foutherly, which is 
oontraiy ta the common rule. 

The tube of the barometer which I always 
makje ufc of, is very (lender and long ; and I 
fufpeft that there is a little air therein, which I 
cannot get out ; for I have another, whofe tube is 
of a middling fize» wherein the quickfdvcraiway* 
(lands more than three hues higher. Lig^ht is 
fcen in the vacuum of thcfe barometers v/hen the 
qoickfilver is agitated 1 and one of them is tliat 
wherein M, Pkard^ of the academy-^ who was 
die firft that obferved it, made his firft obferva- 
tion on the light in the vacuum of barometers. 
We have alfo other barometers, conftnifted in a 
manner difiFerent from the common onesj in which, 
even air has been fuflfered to encer, yet they alfo 
give a light, 

i ^Ifo obferved, Dec, 31, of this year» 1706, 
the dcdinacion of the needle, 9 degrees, 48 mi- 
nutes, weft ward, with the lame needle of S inches, 
length, and in the fame place where I ufed to ob- 
frrve it every year, as I have related in precedr 
irg years. 

IL ji machine to retain the wheel^ which 
Jerves t^ raife the rammer tn drrve the 
piles in the cmfiruBim of bridges^ kays^ 
and other works of this nature^ By M. de 
la Hire*. 

The rammer, or beetle, which is ufed to drive- 
great piles, is of looQor zooo li^. weight i and 
is commonly raifed by a roller* which compofes 
a part of the crane or engine, which is to raife 
great weights. 



• Jwnc I, 1707. 
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i rammer runs freely between two grooves,* 
that the whole force thereof may fall on the head 
of the pile which is to be driven. But as the com- 
mon rollers of engines are moved by 4 arms fixed 
to them it is difficult and tedious to turn 
them, which hinders the work •, therefore a 
great wheel is fixed to this roller of 10 or \z feet 
in diameter^ as there is to great cranes, that men 
by walking or climbing in this wheel, may caufe 
the roller to turn more eafily and conveniently, as 
may be feen in the figure** 

In contlrufting a great ftone bridge at Mmlim^ 
m Bourbon^ after a new manner, by the direftion 
and plan of M* Manfart^ furvcyor of the build- 
ings, they are obliged to fmk great piles, more 
than 20 feet deep, to get a good foundation -, it 
is therefore neccflary to makeufe of a rammer of 
200Q lb, weight. But as the great wheel which 
is apply'd to the roller, on which the rope of the 
rammer winds in proportion as it is raifcd, is large 
enough to receive in it 4 men on a row, who 
climb Lip together on the crols bars, or rounds, 
which fotm the breadth of this wheel, and atmoft 
always to keep them in at the heighth of the axis 
^ or roller, to make the greater effort, this wheel 
muft be flopped every time the rammer goes 
down ; for the weight of the men within it being 
no longer ftopped by the weight of the rammer, 
would carry the wheel fwiftly round % and the 
men therein might be thrown down, and perhaps 
killed V therefore they are obliged to flop this 
wheel with a hook faftened to a rope, and fixed 
to fome appointed place every time the rammer 
is let down. Ihis is very troublefome ; befidcF^ 
it may happen, that the hook or rope may break 
by the force of the mcn*s weight on the circum- 
• Plate L Fig. I. 
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ference of the wheel, and then the hbciurers run 
the rifquc of th^ir lives. ' 

But the men in the machine hdve not only this 
to fear ; for fometimes the defcent of -the rammert 
or the hook, by which it is fupported, or the rope 
which is made ufeof, may. break on a fudden in 
raifing it ; and by thefe unforefecn accidents the 
labourers are in great danger, as has fometimes 
happened. 

This obliged one of the king's chief architefts, 
who has the direftion of this edifice, to propofe 
to me laft winter, that I (hould find out fome re- 
medy for all thefe inconveniencics, and make it fo 
eafy, that corpulent men, who are moft com- 
monly employed in thefe works, may receive no 
hurt by any negligence, or inadvertency whatfo- 
cver : This is what I thereupon contrived, and 
which is to be executed. 

I firft confidercd, that in all accidents which 
may happen to this machine, the rope which 
jiolds up the rammer, entirely flackens y and con- 
fequently, a piece muft be fixed in the timber 
work of the machine itfelf, which falling between 
the fteps or rounds of the wheel, and being capable 
of refitting any cflfort whatever, may retain it 
when the rope of the rammer is (lack \ and on the 
contrary, this piece muft difengage itfelf from 
thence when the rope is tight. 

For this purpofe I niade a fquare ABC* 
of either wood or iron, much wider than it is 
thick, forked near the end C, which is a little 
bent. In this forked part I fixed a little roller or 
pully, fb that the cable or rope of the rammer, may 
move freely in this part, pafling under the pulley. 
To the other branch of the fquare AB, near the 
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angle B> I fiic a ftrong pin D, or a bracket of 
the fame thicknefc as rhe bianck of the fquare. 
To conclude, in the end A of this branch BA, a 
bole is bored that an iron pin may be put therein. 

In the compofing this engine, there are two 
pieces EF * mortUed parallel to jcach other^ which 
help to ftrengthen it j there is a fpace of 4 or 5 
inches between theiHt in which I faflxn the fquare 
ABC, and fix it to the mortifes by a pin placed 
at the end A, but in fuch a manner that it has not 
too much room to play on the fides, which de- 
pends on the diftance between the mortifes, and 
on the thicknefs of the branch of the Iquare. 

Direftly ur>der thefe momfcd pieces goes the 
great wJieel of the roller, which carries the rope 
of the rammer I and the machine is difpofed in 
fuch a manner* that when the cable GH, which 
comes from the top of the engine to the pully H, 
ro be afterwards turned on the roller, is tight or 
ftmined 5 it holds up the fquare, paffing through 
the pully at C, fo that the bracket of the fquare D, 
cJoesoot touch the rounds of the wheeL But as 
foon as the rope GH flackens, the weight of the 
fquare itfelf, and the weight which the rope adds 
to it, by reftingon the forked part, makes it turn 
upon the pin at A, and fall into the fellows of the 
great wheel i and the bracket D fail log immediate- 
ly between the fteps or rounds, retains the wheel 
in this ftate, it being impoflible for it to turn ; for 
the branch A8 of the iquare, being faftencd be- 
tween the mortifcd pieces, can bear a very great 
effort. 

But when the cable or rope of the roller is again 
ftrained, to fix the rammer to it, the fquare im- 
mediately rifes, and the bracket O difengages it- 

• Fig. 3. 
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iclf fix>m the rounds of die wheels wWch is then 
at liberty to turn round and raife the rm\tMX. 

This iDachitie is very (impk airid tmvehiem; 
and may fa\rethe lives of laboureri land workmm 
employed in this bi^niifs, and widiouc any pre* 
caudon* 

ni. Qfibe irregularities of the afferent de-^ 
py-ij^on of the horizon of tbejea^ by M, 
Caflini * ; trai^atedby Mr. Chambers. 

After examining the ill obfervations of the ap- 
parent depi-effion of the fenfible horiion of the 
Tea, made by father tjidval^ in his obfervatory at 
Marfiiltej^ finding them diflferent at different 
tittles, I defired him to continue his obfervations^ 
16 fee whether this difference would ftill continue 
'ccjaalfy irregular. 

The telefcope of the inftrument which he ufes, 
is railed 144 Paris feet above the level of the fcsu 
according tx> a levelling made by him&If ; which 
144 feet high give the direft ray, which razes 
thefurface of the lea an inclination of 13' 14'^ 

The Icaft apparent depreffion obferved by father 
iJavalj at this heighth during this winter, was iV 
46^^ ; and the difference between this height, ^nd 
that of^the direft ray, would be i' 28"-, which 
'might be owing to the greateft refraftidn of the 
vifual ray, which razed the furface of the fea. — 
But the greateft apparent depreflion obfervcd by 
him was 1 4' 30", which exceeds that of the direft 
ray by i' 16"; and this contrary to the rules of 
refraction, which fhould diminifh this inclination 
inftcad of increafmg it. 

* June «S, 1707, 
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We have already noted from feveral other obfer- 
vations, that a part of the furface of the fea, con- 
tiguous to the fcnfible horizon, confounds itfelf a3 
to fight, with the heaven itfelf; and that on this 
occafion* the apparent circumference of the fcn^ 

lfij>le horizon falls in the fea within our fight. 

' The vifual ray direfled to this apparent circumfe- 
rence of the horizon of the fea declines j therefore 
on this occafion, from the dired ray which razes 
the furface of the fea, towards the lower fide» con- 
trary to the inclination which the refraded ray 
raifing this furface ought to have. 

Having communicated this remark to father 
i^t?^/, and he not having occafion to diftinguifli 
this difference by any fenfible fign, it is evident 
how difficult it is to diftinguifh it ; and how liable 
to error the method is of finding the magnitude of 
the diameter of the earth, by obferving the tangent 
of the fea without this circumfpcftion. 

It appear by father Lavd\ obfervations, that 
this difference between the feveral apparent de- 
preffions of the horizon of the fea, viewed from 
the fame place, docs frequently exceed a 5th part 
of the leaft apparent inclination \ fo chat one might 
be deceived in this method by a 5th part of tlic 
fcmi-diameter of the earth, 

I have endeavoured to reduce the difference be- 
tween the apparent inclination of the refradled ray^ 
which razes the furface of the fea, and the real in- 
clination of the direft ray, to certain rules ; and it 

'.is evidently of great importance to examine, what 

• degree of cxaflnefs a method is capable of, to pre- 
vent any expeftation of more than it can afford. 

By tlie multitude of obfervations made by father 
Laval^ we learn, iftj That when we attempt to 
determine a diftance^ or a fmall height, upon the 
furface of the fea, by a fingle oblervation of the 

deprdBoti 



Royal Academy ^Sciences, i^ 

depreflion of the horizoni we can only be fure of 
being within | of the truths and accordingly this 
is pretty nearly the difference found between the 
height of the obfervatory at Marfdlles^ as taken 
by obfervations made at Marfeilks^ and the real 
height found by levelling, the former being 175 
feer, and the latter 144, adly. That having fe- 
veral obfervations of the apparent deprefiion of 
the fea» made in the fame place at different times i 
and taking a medium between thefe obfervations, 
we ftiall have tlic inclination nearly equal to that 
of the direft ray» which raifes the furtace of the 
fea» which may ierve to determine the height and 
diltancet by the common method, to a tolerable 
exaftncrls. 3d]y, That the variation of the appa- 
rent heights of the lea bears no uniform relation 
10 the variation obfcrvcd at the fame time in the 
barometer and thermometer, which feems to con- 
firm what we have frequently obferved, that the 
air which caufes the refraction, is of a differenc 
nature from that which balances the weight of li- 
quors in vacuo. 

We have frequently oblcrved the apparent de* 
preffion of the fenfible horizon of the Mediier^ 
ranmn fea, from an elevation 6 times greater than 
that of the obicrvatory at Marfeiiks, and con- 
ftantly found it 42 min. without any fenfible dif* 
fsrrence between one time and another, which 

iews» that the rcfradion is much more variable 
at rnoderate heights, than at very large ones. 



IV. Ohfervatiom upon fpidiTS^ by M, Hom- 
berg J tranjlated by Mr. Chambers* 

The colour and figure of an extraordinary kind 
of fpider, which I met withal, among the tube- 
a garden at Toukn^ railed my curiofity to 

ex- 
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examine this i and afterwards all the other kimfi 
of fpiders I could find in. I made ufe of a mi- 
CTofcope for the difcovery of certain parts which 
the naked eye cannot diftmguiihj and have pro* 
cuixfd defigns of them larger than the life, to 
peprefenc them fuch as they appeared thro* the mi- 
cro (cope, 

I fhal! here only give the defcription of 6 prin- 
cipal kinds of thefe infers \ to which, all the reft 
1 h.'tve met withal, may be referred. 

The 6 kinds are, ift, the domeftick fpiderv 
or that which makes its webb on the walls, and 
in the corners of rooms, adly^ The garden fpi- 
der i or, that which makes its webb out of doors, 
ufaally of a roundifti figure, and a looie texture, in 
-the centre whereof the animal lodges all day, 
-gdly. The black fpider; found in caves, cellars, 
nnd holes of old walls, 4thly, The wand ring fpider, 
which does not lie ft ill in its neft like the other 
fcinds, 5thly, The field fpider with Jong legs, 
ufually called the fpinner. And fithly, The raging 
fpider, or the famous tarrantula* 

By the way it may be proper to begin with a 

general defcription agreeing to all the kinds of Ipi- 

^ers I and afterwards to note the particular cha- 

rafters of each : nor Ihall I enter into a minute 

[•account of the ftrufture of all the external parts qf 

k'this infeA, but confine myfelf to what is notea- 

. fity difcovcrablc by fimple infpeftion, and with* 

out the help of a microfcope. 

The whole body of the fpider may be divided 
into the anterior part, the poflerior part, and the 
paws or legs ; the anterior part contains the thorax 
ami head -y the poftcrior, the bctly : thefe two 
parts are faftened together by a choak, or very 
narrow rim. In the generality of fpiders, the an*- 
fiaior part is covered with a hard fcaly cruft, and 
3 the 
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it fX)fter]or, with a foft ikin ; the legs arife from 
At iboraxj and are hard like the reft of it. This 
firofture is very difienent from that of diverfe 
cieeping and flying inleAs; for inftance, the maids*, 
and others, whole belly and tbora^ adhere to each 
other by their whole extent without any choak, 
or contraction, tho* their thorax be inveftcd with 
a hard cruft, and the belly with a foft (kin, yet 
ihcir head adheres to their thorax by a very narrow 
doak; again ants, wafps, and moft dies have 
their tboraK and belly faftened by a choak, and 
their head and thorax by another. 

All (piders are covered with hair, their hard, as 
well as their foft parts. 

They have eyes on various parts of their heads, 
oF different (ize and number, and differently 
phced ; but all o^them without Palptbra^ or eye- 
fids ; and covered with a hard gloffy tranfparenc 
craft. 

In the fore-part of the head is a kind of double 
claw, or gripe^ like that of a lobfter, which, 
with the front of this animal, makes the whole 
fete-part of the head. See fig. 4, 5, 6. This 
chw confifts of two flattifli branched pieces, co- 
vered with a hard cruft or fhell, and faftcned per- 
pendicularly to the lower part of the front by a 
foft fltin, which ferves them as a joint or hinge td 
open and fhut upon. Thefe pieces are befet with 
little hard eminences at the two edges that meet, 
and thus become fit to eaten, and hold their 
prey near the mouth which is behind the claw, in 
order to draw their food therefrom. 

At the lower end of each of the branched pieces, 
is a hooked nail, ibmewhat like the nails of a cat ; 
thefe nails are very large, hard, and jointed, fo 
that the animal can move them upwards and down- 

• Adder-Bolts. 

wards. 



32 The Hi%TOTtY and Memoirs qftbe 

wards, without ftirring the branches thtmfelves' 
II is probible thttc nails ferve to Ihut or cloie thr 
ends of the claws, and gripe the prey to prevent 
its cfcape-* for by their means* the aperture of 
the claws forms a triangle clofed on all fides, which 
otherwife would be open atone end. See fig. 6, 
Thefe nails being jointed, may likewife ferve to 
raife or fall the prey» as the animal finds occafion. 

All fpiders have 8 jointed legs, like the legs of 
lobfters i and at the extremity of eacb^ are two 
large hooked jointed nails. 

Between the two nails of each txtremity, is a 
body not unlike a wet fpungc, moch like that 
found at the end of flies legs, and in ail likelihood 
fcrving for the fame purpofes ; "inz. to walk 
with the feet upwards upon fmooth poliflied bodies, 
where the hooks or nails would be of no ufe : thefc 
fpunges fupply a fort of vifcid liquor* which ferves 
to make them ftick or hang thereon : this vifcid 
liquor flops with age, both in flies, and fpiders^ 
lb that they become unable to walk long up a 
perpendicular glafs. And wc even find^ that an 
old fpider or fly, happening to fall into a deep 
CbinajUj is unaole to get out again, and muft die 
ol hunger. 

And the fame thing befalls fpiders with refpeft 
to the matter, whereof they make their webb. 
An old fpider has no more of this maiter It ft in its 
body, nor can fo much as refit its webb when 
broken, or difplaced i all it can do is to cxptl fome 
weuker fpider ot the fame fpecies, and polTefs its 
neft, which I have frequently found it do. It is 
not unlikely, that the liquor at the extremities of 
the paws, is the fame with that which makes its 
webb, or at leaft ne^ir a-kin thereto, fince both of 
xhcm ceafe about the fame time \ but of this we 
ihall fpeak more at large hereafter, 

Bcfidcs 
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Befides the eight legs above- mentioned^ where- 

ith the fpider walks, it has two others nearer 

le head, which .are of no ufe in walking, but 

e it in lieu of arms and hands, to place and 

,e back the prey which they hold in their claws* 

order to ftiift and prefent different pares of it 

their mouth. This fifth pair of kg?, or thefe 

ms, are not formed a like in all the kinds of 

iders ; in fome, they are perfectly like the 

her leg$ % and in others quite different. Their 

IFcrcnce will be noted when we come to the 

iffcrent characters of each fpecies of fpiders. 

Around the anus of all fpiders are four little 

lufcular p^/^iV/i^, or nipples^ pretty broad about 

ir bafcs, and pointed at dieir extremities*^ hav- 

^ a pretty free motion 5 every way from the 

iddlc of thek papilU^ as through a n^ould, or 

^icr-drawer's iron, iffbes the vrvid liquor> which 

produces the thread whereof their nefts ^and webs 

are formed. This mould has a fphinfter to open 

and ftiut it, by which means they can fpin bigger 

or fmaller at pleafure -, and the fpider, being 

fufpcnded in the air by this ihread, either ftopt 

when this moiild clofcs, or condaues to dcfcend 

by its own weight when it opens. 

The manner wherein they make their webs^ 
■^ as follows : when a fpider is to hang her work 
HK a corner of a room, where fhe can eafily go 
I to all the places the threads are to be faflencd on^ 
fhc opens and detaches the four nipples above* 
mentioned immediately, upon which a little drop 
of rilcid liquor appears upon the rip of each. 
This drop being forcibly prcfled againfl: the 
all, (licks thereto by irs natural gluten^ and 
ic fpider removing from' die phce, new matter 
Jontioues drawing thro* the hole 1 and thus is thg 
^ Plate L Fig. 10, 
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firft thread form'd. Being arrived at the place 
of the walU where Ihe would have her web ter- 
ininate, Ihe prefles the end of her anus againfli 
the fame, and thus faftens the other end of the 
thread, after the fame manner as the firft. This 
done, ilie withdraws about half a line from the 
firft, and here llifttns the end of a fecond thread, 
which (he fpins forth parallel to the forrber^ till 
arriving at the other end of the firft thrtad^ &e 
faftens the fecond to the wall, and thus proceeds 
till the whole breadth of her intended web be 
finiflied. Thefc parallel and longitudinal ttireads, 
which may be called the warp of the web being 
linilhed, fhe proceeds to crofs or traverle them 
with other tlireads, and to this purpole fattens 
one of their ends againft the wall, and the other 
upon the firft thread that had been drawn j thus 
leaving one fide of the web quite open for the 
flies tojcome in at, Thefe latter crofs threads may 
be called the woof of the web ^ and being all of 
them but new fpun, they eafily ftick to every 
thing they touch, and confequently to the warp 
ihey pafs over, wherein all the ftrengrhand firm- 
nefs of this web confifts 5 whereas the firmnefs of 
our cloths depends on the interweaving of the 
threads of the woof between thofe of the warp. 

To make the crofs threads ftick the firmer, 
the fpider works with its four p^p/Yic, and fqueczes 
tlofe all the parts where the interfeftlons happen^ 

, fLS foon as one thread is laid upon another, remem- 
bering to triple, or quadruple the threads at the 

I borders, to ftrengthen therm the more, and pre- 

► vent an etupture being made in the web, 

A fpider may rurnifli twice or thrice as much 
matter as is neccOary to make a web, provided 

^ flie have not fptnt too much in the firft ; but if 
a new web be wanting after this, fee muft either 
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difpoOefe fome other fpider by force, or find a va- 

[fant web^ which is no unufual thing, by reafdn 

the young fpiders always reHnquifh their firft 

Birehs to make new ones. If the old Ipirfer be 

liot ftipptied with any ofthefe ways^ k muft pc- 

iftit for there being no living without a web, 

Icafl: for the domeftick fpiders, tho' fome of the 

eft need none. Thus much for the webs made 

corners of rooms. 

As to the webs mav^e a-!oft in gardens, C^fr, 
rhere the fpkier cannot cafily comf, the method 
proceed ure is thus : the animal places itfelf in 
calm feafon on the end of fome btanch of a 
or any other body that proje(fts far into the 
lir, here ftandrngfirm on its 6fore*feet, with the 
hind ones, it draws a thread from its afiu5 
mor three yards long^ which it lets float in the 
iir till fuch time as the wind driving it ^gainft 
llbme foliti body. It Cftjickly fticks thereto by m 
atoral gluten ', the animal from lime to tim? piills 
lis thread towards it> to learn whether the loofttrnd 
^ave yet Fattened to any thing, which it learns 
l>y therefiftance it me^s %vithal in pulling. Find- 
log it fixed, it drains the thread a litde, and fixes 
With its papilltB to the place where it Hands, 
"his thread now ferves it as a bridge, or ladder, 
go to the pl.Ke where chance has caft it, by 
rhich means fhe doubles this firft thread, whicli 
It afterwards triple s» or quadruples, according 
IS Its gt*eater or Icfs length requires more or lefi 
Irengchening. Tlirs done, the fpider places it- 
bJf about the middle of this thread, and with i^s 
Itwo hind paws draws from its anus a new thread, 
[which it lets float like the former, till finding it 
Ixcd ro fome body, ihc ftrains k a Hrtfe, and 
Jien with a papilla faftens the end as pe»-pendi- 
IcuJarly as flic caq, on the middle of die firit 
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thread ; proceeding afterwards to ftrcngthcn \U 
by doubling, or triplmg, as in the former cafe- 
The like procefs ftie repeats fo aften till the mid- 
dle of the firit thread become a centre ^ from 
whence proceed federal radii, the work being 
continued till fuch time as fhc can go upon the 
crofs threads from the end of one of the radii, to 
the ends of all the reft Thisdone> ftc fixes a new 
thread in the centre, and draws it along one of the 
rtdii, and from thence 10 the middle of one of the 
crofs threads, where flie fattens it with her papUts^ 
and by this means makes as many radii asfhe finds 
proper* The radii all made, fhc returns to the 
centre, and thene fattens a new thread, which flie 
draws and faflens down in a fpiral direftion upon 
the radii J from the centre to the magnitode fhe 
1^ would have the web. This done, fhe takes up 
her lodging in the centre of the web, with her 
head always downwards, to avoid, as fhould 
leenii the too great brighmefs of the heavens, as 
having no eye*lids to reftrain and modify it, or 
rather, to fullain and reft her big belly on a large 
bafc of her thorax 5 whereas if flie remained 
with her head upwards, the belly would only 
hang by a (lender thread, wherewith it is faftened 
10 ttie thorax, which might be incommodious. 

The fplder only keeps in the centre of her 
web during the day-ttme -, in the nighr, or 
when it rains, or blows hard, (he retires into a 
little cell, bulk at the extremity of her web, under 
the leaf of a tree, or plant, or feme other place 
ftronger, and more ftablc than her web, and 
which may aRbrd her (belter from tlic rain. 
This place flie ufually choofcs towards the higheft 
_ part of the web, that (he may have immediate 
refuge tlicre on occafion ; tor moft: fpiders af- 
cend with more eafc and difpatch tbin defcend. 

The 
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The fpider lies in wait for fliesj or other in* 
Tefls, which entangle themfelvcs in her web, 
and which are to ferve it for food. When the 
fly is fmalJj the fpider takes it in its claws, and 
bears it into her neft to fuck its juice j but when 
the fly is too big, in proportion to the fpider^ and 
with its wings and claws might be liable to in* 
commode her, the fpider in this cafe wraps her 
round and round, with a number of threads, 
which flie draws from her anus, to fetter the fly, 
till fhc can no longer fttr either wing or feet 1 
upon which the fpider carries it peaceably into 
her den, and feeds of it, Sametimes the fiy hap- 
pens to be fo big and ftrong, that the fpider can- 
not compafs it, in which cafe, inftcad of entang- 
ling it more, the fpider loofens it, or even, if 
that cannot welt be, breiks the part of the web 
where the fly hangs i and, lets it go, applying 
Jierfelfin the next place, either to mend her da- 
maged web, or make a new one. 

All mate fpiders are fmaller than the female 
©r^es of the fame kind ; and this to fuch degree^ 
that I have found five or fix male garden fpiders 
hardly balancing one femilcone. This is no un» 
common thing in moft infcfts, tho* quite contrary 
to what we find in quadrupeds, where the malea 
are always bigger and ftrongerthan the females. 

The fpiders of all kinds are oviparous, with 

is difference, that Ibme of them, as the garden 
fpider and fpinner, produce a great number of 
eggs -, and others^ as the houfe fpider, very few ; 
f hey lay their eggs on a piece of the web, which 
they bind together in a clufter, and brood 00 
them in their neft. If they be driven out of the 
ntiAt ill the time when they are hatching, chey take 
ihb clufter of eggs in their claws above defcribed, 
mid carry it with tlicm* As Ibon as the little ones 
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are htitchcd, they begin to ipin, and enlarge at 
fych rate, that one may almoft fee them grow ; 
yet, without caking any foo-j that I have been 
able CO difcover i if a very fmall gnat happen to 
fail in their way, they fly upon aod make fhew^ 
afi if they fed on it i but if none come in a day or 
two, or even more^ they ftill conciuue gicwing 
as fall as if they had fed, augmenting every day 
to more than douolv tlieir buJk, 

The peculiar ciiarafters of each fpecies of fpi- 
ders, arc taken from the ditfcrent difpofitions of 
their eyes i not but there are other confiderable 
differences between thcm^ but thefc not uni- 
vcrfaL 

The domeftick, or houfe fpider, which makes 
the firft fpecies, has 8 litdc eyes nearly equal in its 
forehead, in an oval fituation*. This fpider makes 
a large web j its arms are perteAJy like its jegs^ 
excepting that they are fomewhat ihorrcr, and 
that it never puts them to the ground. This fpe- 
cies changes its fkio yearly, even to the very 
legs, as lobftcrs do, which I have not obfcrved 
of any other kind. It is very long-lived, I hav^ 
ing known one of them above four years, which 
had not grown any thing confjderable in body, 
but a great deal in legs* This fpider is liable to 
a difcafe, which renders it frightful, being fome- 
times covered with fcales Handing out an end, and 
the intervals thereof fwarming with vermin, much 
Jike the lice upon flies \ but a deal fmaller. When 
the diftempered fpider runs fafl:, it throws off 
feme of its fcales, with the litde vermin. The 
difeafe is very rare in our cold countries, nor have 
I ever obferfed it out of Naples. The fpider^ 
when fcized therewith, never ftays long in a 
place ; and if it be fhut upi foon dies, 

• Fig 4- 
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The fecpnd i§ die garden ipider, which ipakcs 
a targe rouqd Web in the air, and ufiially pofleflTes 
the mi^dlp {herepf. * It has 4 large . eyes, placed 
fquare in the middle of the ftfebead, and 2 fmal- 
!^r pn ^ithpr fide pft|ie hl^d*. The females of this 
fpecies have th« largeft bellies I have known in 
fpidprs \ t|ie m^Ies are very fmall > they are of dif- 
fident cqlours, but ufually ff$ttlle morJ fpotted 
wirh whitp and brown ; tho* fpmetimes they are 
aJl whitp, *s thofe I pWerved at toulon^ amcMi^ 
the tuberole (lpwer$ ; gnd ibnie I have known 
^0 green J POr are they all of the fame fizc, but 
the green opes afe fmalle(h jind the brown one^ 
Wggpft of aH. Pouring Ipjrit of wine on thefe 
fpiders, they did not feem at all difturbed thercr 
by^ ho moft thafi with aquafortis^ or oil of vi- 
triol \, bptoil of turpentine killed them in a mo- 
ment; which accordingly I have frequently ap- 
plied to deftroy broods of ^oung fpiders of this 
Icinc}^ fome of them cont^ming no lefs than a 
hundred a-piecc, which, in a few days, will over- 
run a whole' garden, and fpoil a great number of- 
plants^ ^ ' 

The third (peclcs is that of fpiders in vaults 
;|rid pid walls. Thefe feem only to have fix eyes, 
all the other fpecies having eight. The eyes are 
placed two in the middle of the forehead, and 
two of each fide the head 5 all fix being nearly 
of the fame fize i". The fpiders of this fpecies 
are all of them black, and very hairy ; their legs 
are Ihort, and they are ftronger and more mif-^ 
chievous, as well as longer lived, than moft other 
fpiders. If you take one, it will -defend itfelf and 
bire the inftrument it is held withal, and though 
pierced in the. belly, will fometimes- live'two or 
three days ; whereas all the aher fpiders die 

• Fig. 5, t Fig- <^- 
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quickly upon piercing their belly i nor do they 
ever defend themfelves^ or bite any thing when 
taken. In lieq of a web to catch flies, thclc ooly 
fpin a few threads, 7 or 8 iaches long, which 
ifliie from their nefts^ like fo many radii, and 
are faftened to the wall around the hole where 
they inhabit *, any infeft walking on the wall, 
and flicking againfl: any of thefe threads, advcr- 
tifes the fpider, who lies perdue in her hole^ and, 
upon this nonce, inftantly rufties oat with prodi- 
gious fwifcnefs, and fetzes the infeift. I have 
Jeen a vigorous wafp carried off by one of thcfe 
fpiders, which none of the other ipecics would 
have touched, both on account of the ftings thofe 
infcds are armed withal, and of the hard fcales 
whsrewirh their whole body is defended i but 
the fore part and legs of this fpider, being covered 
With a very hard (hell, and the hind part^ or 
belly, with a thick clofe leather, it does not fear 
the wafp's fting s and its gripes are fo ftrong and 
^ hard, th it they are able to break the fcales of 
the wafp. 

The fourth fpecies of fpiders are thofe we call 
vagrants, by reifon they do not flay at home in 
their refpc6live nefts, as all the other fpiders do» 
who wait quietly for their prey to come home to 
them I but, 00 ihe contrary, go out in queft of 
prey, and hunt it down with infinite wiles and 
ft rata gems. They have two large eyes in the 
middle of their foi diead, and two fmall ones at 
the extremities of the forehead, two of the fame 
fize on the back of the head, and two very fmal! 
ones be; t ween tiut and the forehead *, The fpi- 
ders of this fpecies are of diHerent fizes and co- 
loun, white, black, red, brown, and fpotted. In 
one part of their body they arc different from all 

f Fig. 7. 
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other fpecies, viz. the extremicy of their arms, 
and 5 pair of legs, which terminates in a clutter, 
or in a plume of feathers i whereas in all the a* 
ther fpiders, it terminates in two hooks, like the 
other legs. This plumage is ufually of the fame 
colour with the reft of the body, and fometimes 
equal in bulk to the whoJe head. The animal 
makes ufe of ir, to throw upon the wings of flies 
it has caught, in order to prevent their motion 
and fluttering, which would greatly incommode 
it, in as much as this fpider wants the neceiTary 
means, which others are ilirniflied withal^ of ty- 
ing and entangling its prey. 

The fifrh fpecics is. That of field- fpiders, vuU 
garly called, fpinners. This fpecies has its fore- 
part, or head, and thorax^ flat horizontally, and 
almoft tranfparcnr, being covered with a very 
fine whitilh fieek fcale \ it has a large black fpoc 
on its head, which I take for the brain, which 
appears through the traniparent (hell it is co- 
vered withal. This fpider has 8 eyes ranged in a 
very extraordinary manner, two of them in the 
rniddleofthe fore-head, fo extremely fmall and 
clofe to each other, that they appear like one little 
oval body : at the right and left of the fore-head, 
are two litde prominences \ and at the top of each 
of thefe, are three eyes, placed very near each 
other * ', thefe eyes are bigger than the two in the 
middle; their cornea is very prominent* white, 
and tranl'parenc, though the fund be black ; 
whereas, the eyes in the middle, are quite black. 
From each of thefe prominences, as wdl as from 
the two eyes in the middle, arife three very fen- 
fible canals, which terminate in the black fpot, 
fuppofed above to be the brain. As thefe canals 
recede Irom the eyes^ they approach towards each 
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other^ fo m to end almoft in the fame part of the 
braiii : in ihcm are the optic nerves prob^ibly 
lodged. The legs of thefe fpiders are much 

flcnderer and longer in proportion, than thofe of 
other kinds ^ but their arms are much ihortcr, 
and more fleiliy, bearing litde or no rcfembkncc 
to the legs, as they do in all other ipidcis: their 
legs are To full of hairs, that to the microfcopet 
they appear like writing quills. 

/The famous tarantula makes the Cxth ipecies 
of fpiders ^ it has the figure and appearance of a 
common houfe fpidcr, but much ftronger, and 
more robuft in all its parts: the legs, and bottoni 
«f its belly, are fpotted with black and white | 
but the top of its belly, with all the fore-part 
arc quite black : its head and i borax are covered 
witli one fiogle black fheil, perfedly like a little 
tortoife: it has eight eyes, which are altogether 
different from thole of other fpiders, both in co- 
lour, and confiftence. All the eyes of other fpi- 
ders, are either black, or red, bordering on 
black J and are covered with a hard tranfparent 
fcqle, remaining fuch after their death i whereas, 
thefe ane covered wiib a foft and moift cornea, 
which withers and fmks when they are dead : their 
colour is white^ bordering fomewhat on yellow, 
very bright, and fparkling like cus eyes, when 
vijvved in tlie dark i they are firuate four in a 
iquare figure, in the middle of the fore- head ; 
and four in a horizontal linc» below the four 
rirll : ihefc !all border the bottom of the fore- 
head, and arc placed immediately over the root 
of its gripe, or pinchers. Thefe eyes are of diffc- 
fent bulk; the four firft are nearly alike, being 
about a line in diimeter, and lufficiently vifible 
wjthoQt a microfcope ; but the latter arc not above 
halt" the diaLiieter of the former. The tarantula 
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is very mifchievous, and will bite on its own ac- 
cord, during the coupling feaibn. I have feea 
them at Rome^ but they are not minded, as having 
never been known to do any harm ; but in the 
kingdcHn of Naples they do a deal of miichief, by 
reafon we fuppofe the country is much hotter 
there than at Rome. The fymptoms which be^ 
fall thoie wounded thereby, are very wbimfical aa 
well as the cure. They have been defcribed by 
feveral Italian and French authors ; and tho^ riieir 
hiftory appears fomewhat fabulous, icisrealne« 
vcrthelels. An account of them has been given 
us by M. Geoffroy ; and an extraft thereof in thlGi 
hiftory of the academy for the year 1 702, to whick' 
we refer the reader. 

An explanation of the figures ^ tranjlated by}.M^ 

Fi^. 4. Reprefents the eyes and claws of the 
houfe fpidcr. 

Fig. 5. The garden fpider, which keeps in the 
air, in the middle of its web. 

Fig. 6. The black fpider, which inhabits in the 
holes of old walls. 

Fig. 7. The wandering fpider, which docs not 
keep in one neft like the others, and goes out to 
hunt flies and other infefts. 

Fig. 8. The head and eyes of the field-fpider, 
commonly called the fpinnqr. 

Ffg. 9, 9. The tarantula. 

Fig. 10. A fpider reverfed, which (hews the 
papilU of its anusy which it makes ufe of for the- 
thread. 
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V. Of the effeB of gunpowder ^ chiefly ih 
mines ^ by M. Chevalier*. ~ 

Every one knows, that gunpowder is a cortipo- 
Tuion of faltpetre, fulphur, and charcoal, bc^C" 
and mixed together ; and that a certain prbji^- ' 
tion is to be obfervwi in the mixture of thefe in- 
gredients, and precautions taken in the choice of 
them, and in the manner of making the powder, 
which contribute to the goodnefs thereof. Biit 
this is not what we defign here to examine. It is 
of the effed of the powder, and chiefly in mines, 
which I propofe to treat. 

The late marfhal de Vauhan communicated to 
me,a great number of experiments on this fubjeft. 
This great man who was always employed in pro- 
moting the king's glory, and the grandeur of the 
ftate, having obferv'd on many occafions, that 
the fuccefs of mines did not always anfwer to ex- 
peftation, thought it neceffary by exadl experi- 
ments to determine the different eflTefts of mines in 
all the feveral circumftances wherein they may be 
employed ; and from thence conclude on certain 
rules to be obferv'd on important occafions. The 
fuccefs has juftified thefe rules ; but before I lay 
them down, I muft explain the reafon why gun- 
powder when it takes fire, is capable of making 
luch great efiforts. 

Firft I confider, that air is neceflliry to the ac- 
tion of the powder ; for by experiments made in 
the air-pump, it will not take fire from a flint in 
the vacuum •, and though it takes fire from the 
fun-beams, by means of a double convex-glafs, 
yet it is almoft without any noifc or effort. 

* Nov. 12, 1707. 

Secondly, 
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Secondly, The bodies whereof gunpowder is 
compofed, do not with equal taciliry take fire. 
SuJphur takes it more readily than charcoal, and 
charcoal than fakpetre, which is the predominant 
ingredient in the powder ; there is commonly 3 
parts of faltpetre, to one of both the other taken 
icgeihcr. It is alfo to be fuppofed, that each of 
thcfc bodies is compoled of parts of unequal apt- 
m(s in taking fire. 

Thirdly, The powder muft be very dry, that it 
may the fooner take fire 1 it muft be granulated 
that the flame may very fubtildy communicate it- 
felf through the fpaces hft between the grains, 
which mull all perform their eiFort almoft at the 
fame time, 

L This being fuppofed, it may be conceiv^ed, that 
firft the different bodies whereof powder is com- 
pofed, taking firefgccenivdy, rhefire directly im- 
preiTes its adion on the firrt or moft fubtiic, which 
afterwards communicates a certain degree of veb- 
city to the fecond i and the fccond to the third, 
and fo on till the whole matter being kindled, 
makes its efibrt- 

1, Moft of thofe bodies agviinft which the 
powder a£ts, have alfo parts of unequal folidity 
capable of communicating to one another fuccef- 
fively the motion of the pirts of die powder 9 nnd 
the effort of the pans of the powder will be fo 
much the more confidemble, the greater number 
there areof parts of unequal (blidiiy, either in the 
ingredients of the powder^ or in the bodies againft 
which it aftsi {all things clfc being equal) and 
that thefe parts have with one another, and nearer 
relation to a geometrical progrciTion, btgjnoing 
at the moft fubdlej and proceeding to the moft 
grols, as has been flinwn by the learned M, fJuy- 
gensr m his Laws of Motign^ and after him b/ 
M- C^rrc. It 



48 The HisToRV andM-EMbinsoJ the 

'ain the fixth part of the whole effort of the ' 
powder which it contains ; thus in the pre- 
ceding fuppoliiion each face will fuftain a 
weight of about 48,000 Ik, but if there were 
five faces of this mine immoveable, the ef- 
fort would fall entirely on the fixth, which would 
chen fuftain the whole weight of 290,000 lb. 
This effort is much greater than what is found by 
experiments J for 140/^. of powder raifes only 
about 30,000 lb. weight of earth, as refults from 
the experiments which ihall afterwards be given. 

The reafon of this difference proceeded from 
many caufes j i. From the powder not taking 
fire all at once^ the aftion of the firft fire is fi- 
niftied, or at leaft confiderably diminilhed at the 
time of the effort of the fecond» 

2< A part of this effort is loft by the paffage 
which conveys the fire into the mine, and by the 
pores of thofe bodies which encompals the mine* 
Experience (hows, that in counter-mines 15 or 20 
feet diftance from mines which have been played, 
there is an infupportable fmell of burnt powder 1 
nay, that even the fmoak conveys iifeif through 
the earth. 

3. The tenacity of the parts from being fcparated 
is another obrtacle; fa that a greater force is ne- 
ceffary, for example, to raifc 1,000 lb. of old 
mafonry well bound, than the fame quantity of 
new, or llich as is not well bound ; for, befidcs 
the weight of raifing them, this cohefion muft be 
alio broken, 

4. To fuftainthc weight of the eanh alone is not 
fufficient \ but a great part of the effort of pow- 

^der is alio employed in carrying it upwards with 
a certain velocity, 

5» The refiftance of the furrounding air is ano- 

tiler obftacle to be iurmounted, to which no re- 

I gard 
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gard is had in pradice, though it is very con-^ 
fidcrable, and perhaps the mod cohfidcrable of 
all. 

III. To form a clear idea of the manner 
by which powder afts on bodies, let usv fuppofe 
an immoveable gun fixed vertically with the 
mouth upwards, of an indefinite length, or at leaft. 
long enough for a ball to make all the range 
which the powder can fend it 5 and having np 
regard to the friiftion of the ball in the barrel of 
the gun, let us fuppofe that it is applied imme- 
diately to the powder, and that it is fo perfeft a 
caliber, as exaftly to fit the barrel of the gun, fo 
that no air can pals between ; in order that we 
may only confider what can happen from the re* 
fiftance of the air, and the effbrt of the powder. 

In this hypothefis, if fire is put to gunpowder, 
it will catch it fucceffively, and the ball will ript 
go out till there is a fufficient quantity thereof, 
not only to get the better of the weight of the 
ball, but alfo of the column of air which refts up- 
ir. So that if the ball be fix inches in diameter, 
it will weigh near 33 /^. and the column 
of air will weigh about 440. Thus the 
ball will not be perceived to move, till that quar* 
tity of powder takes fire, which is able to move 
a weight of 473 lb. The powder continuing to 
take fire, it will fucceffively augment the fwif.- 
. ncfs of the ball^ till it has acquired its greateft ve- 
locity, which would be the fame with the in^ 
flamed parts of the powder, did not the air refift 
it ; but as the refifl^ance of the air, which the 
ball expels, augments in the proportion of the 
fquare of the velocities of the ball, there .is a 
fixed time when this refiftance becomes equal to 
the new effort, which the ball receives from the 
powder. Thu$ when there \\ too great; a, q.ian- 

VoL.III.N^ 24 E " tity 
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ttiy of powder in the gun, it will not augment the 
velocity of the ball. Siippofing iheretore that 
ih^re is in this gun only a fufficient quantity of 
powder, to give it the greatcft velocity it is ca- 
pable of acquiring, the effort of the powder will 
after that diminifii fucceffively, till it entireiy 
chafes i and then diil not the air rtfift the motiori 
of the ball, it would continue to nnove with a uni- 
form fwiftnefs^ equal to its greateft acquired ve- 
locity : but the air continually rcfifting, the fwift- ' 
neis of the ball diminiflies each inftant, fo that 
there is a fixed time, wherein the remainuig im- 
preflion^ which the powder has given to the bail, 
is equal to the reliftance of the air, and then the 
ball can no longer move* But the weight of the 
air and of the ball a(fling againft it, with an ef- 
fort of 473 '^' ^^ ^^^ ^^^^ ^^'^'> ^''^' repel the 
ball to the bottom of the gun, by accelerating 
its velocity, like all heavy bodies. 

From what has been faid, it may be coti' 
eluded, 

1 , That the beft powder (every thing elic be- 
ing equal) is that which fooneft rake fire* 

2. That the barrel of the gun, near the brcecb> 
ought to be fuch, that a greater quantity of pow- 
der may take fire therein tDetbre the ball goes cut. 
This is the reaibn why guns, with chambers, 
carry farther with an equal quantity of powder, 
6r as far with a left quantity than thofe whofe bar- 
rel is entirely cylindrical, 

3- That in a gun, whofe barrel is cylindrical, 
of a given length, there is a i^letei mined quatitity 
of gunpowder which drives ih<r ball as far as pol- 
fiblci and this quanrity is lutb, as may hav« 
time to take fire while the ball is in the gun. But 
the mote powder there U on fire in the gun, die 
'more dar.gcr there h oi its biu fling, bccauk its 
3 cfiurt 
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cfibrt is greater^ and it rcmajns longer agaioft the 
Gde of the gun. 

4. That the lopger ihstf part of the gqn is, 
through which the ball is to run, fuppofing it 
does not attain its greateft velocity, the more 
powder may be put into it; becaufe the ball 
t^ng up more time in paifipg, a greater quaor 
tity of powder has time to take fire, of which it 
ifioeives the impreffion. This is probably the 
reaibo^ diat fome very long guns, fuch as the 
Qilverin of Nancy ^ carry much farther than com- 
mxm guns of fhe fame caliber. 

5. That the quantity of powder with which a 
gun is charged, and the ihape of its barrel being- 
determined, there isalfo a length in the gun which 
has all poflible advantages; fo that a greater ^ 
length would lefTen the r^nge of. the ball. This 
length is fuch, that the ball may go out of the* 
mouth of the gun, when all the powder has 
made its effort ; and if the quantity of powder is 
undetermined, this length is fuch, that the ball 
wiU go out of its mouth when it .has acquired its 
greateft velocity. Therefore guns of the new in- 
vention, wbofe barrel near the breech is fphcri- 
cal or Jpheroidal, in which the powder being 
more clofe together, takes fire more readily, are 
not fo long as thofe whofe barrel is cylindrical. 

6. That the effort of the powder, towards one 
certain fide, is greater in proportion to the re- 
fiftance it meets with from the others ; and thus 
the more difiicult it is for a gun to recoil, whe-^ 
thcr becaufe of its weight, or any other impedi- 
ment, the farther will it fend the ball. The dif-» 
ficulty 0/ conveying very heavy guns by Load, 
and the expence requifite for this, caufe them to 
be' made as light as poffible, provided they can 
refift the effort of th?; powder ; but guns made 

E 2 for 



^2 I'he History and Memoirs of the 

for ftiips, arc commonly much heavier than thofe 
defigned for land fervice. 

Let us now apply what has been faid of the 
adion of powder in general, to its particular ef- 
fort in mines. I fuppofe it is known what a 
mine is, and the different kinds thereof, os Four- 
neaux^ Fougades^ &c. The precautions which 
ought to be taken in digging and charging them, 
propping up the galleries and branches which 
lead to them, flopping them up, the way of dif- 
pofmg the fauciffe, which conveys the fire to it; 
all which things are well defcribed by thofe who 
have treated on mines. It is chiefly to determine 
the moft advantageous difpofition of them, and 
the quantity of powder with which they ought to 
be charged, that they may perform the cfFeft 
propofcd, that we were obliged to make thcfc 
experiments. 

Mines arc either made in the body of the 
earth, fuch as are made by the befieged to blow 
i^ the batteries and works of the befiegcrs, -be- 
fore they make a lodgment on the covered way j 
or on nfing ground, where nothing joins to it 
either on the right or left, as to make a breach in 
ramparts made of earth •, or to blow up walb, 
which may be dry or thrown down ^ to conclude, 
fometimes they are made ufe of to tear up rocks. 

All the experiments have difcovered; 

1. That the efreft of the mine is always nradc 
on the weakeft tide ; thus the difpofition of tli« 
chamber of a mine does not contribute to deter- 
mine this effcA, cither to one fide or another, as- 
the miners had falfly imagined. 
. II. That a greater or Icfs quaatrty of powder- 
is rcquifite, according to the inequality of the 
Weight of thofe bodies which the mine is to raife^ 
a«d accordiig to the inequality of their cohcfion^ 
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and the refult of all the experiments which have 
been made, to know what quantity of powder 
muft be ufed according to the different bodies, is 
to each cubic toife. 

Ih, of powder. 
Of loofe earth 9 or 10 

Of firm earth, ' and ftrong fand \i or 12 
Of fat clayey earth 15 or 16 

Of newmalonry, but (lightly bound 15 or 20 
Of old mafonry, well bound 25 or 30 

III. The aperture of a mine, which has played 
in thfe body of the earth, being properly charged, 
is made in a cone, the diameter of whofe bafe is 
double the height taken from the centre of the , 
mine. 

IV. That when a mine is over-charged, it 
makes only a hole or well, whofe fuperior aperture' 
is noit greater than the chamber wherein the pow- 
der was lodged. 

V. That befides the effort of the powder againtt 
the bodies which it raifes, it alfo prcfles and 
crafhes all the earth near it, both underneath and 
on the fides of it, and this preffure or crufh ex- 
tends fo much the farther, as the furrounding 
bodies make lefs refiftance. 

To account ^or all the effefts refulting from 
thefe experiments, and afterwards determine the 
quantity of powder with which mines ought to 
be charged, and the moft advantageous difpofi- 
fion to produce the effedts propofed by them. 

Let us, I. conceive a mine* whereof all the 
parts furrounding it are incapable of compreffion, 
and make equal refiftance, fuch as a bomb of 
equal thicknefs every where would make, fuf- 
pended in the air ; it is evident that in this cafe, 
bdSdes the refiftance of the body, the effort of 

E 3 .the 
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the powder muft furmount the weight of the fur- 
rounding air ; and then the body muft be re- 
duced to duft, or at leaft into very fmall pieces. 

By the way, it muft be obferved, that the 
bomb difters from this fuppofed mine, only in 
i^ being a litde thicker at the bottom, oppofite 
to the fufee than elfe where* 

The bottom of the bomb, is made moft folid 
for two reafons. i. That this part being heavieft, 
may turn towards the ground when the bomb 
falls, left it fhouk! be broken by its Ihock againft 
thofe bodies which it meets with. 2. that it may 
not fall on the iuke^ which might extingulfti it i 
either of which cafes happening, the bomb would 
not execute the principal efli<5t defignedi which 
h to convey the fire into the enemy's magazine, 
after having by its fall, made way through the 
vaults or boards of the places, which contain 
them. Bombs are alfo on many occafions made 
ofe of in mines, as to blow up a butterefs in the 
walls of a rampart, when a breach is to be made 
in an inverted rampart, and in the fougades made 
for the defence of the outfide af a place. 

Let us in the fecond place conceive a mine, 
wherein all the bodies which encompafs it, are 
equally capable of compreffion, and make a 
refiftance with equal force on all*fidcs. In this 
-cafe, the firft effe^l of the fired powder, would be 
to crufh and comprefs equally all thelc bodies, and 
fhey will not be divided or feparated, till by 
their compreffion, tiiey become capable of refift- 
,ing its efibrt 5 fo the powder therein may be in 
fuch a fmall qittntity, that its whole effed may 
^nly terminate in the comprellion of the adjacent 
bodies. This is the rcafon, why in mines made 
in the earth, the chamber is ilopped up with 
Itrong beams well fupponed i fometimes even 

with 
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vich ijtones that the ^djac^")^ P^^^ niay have i^iore 
refiftance.. It Is eaf y to conceive, that if the ad^ 
jacent parts to the chamber of fuch a mine, as has 
been fuppofe4 were unequally capable of com- 
preflion, inftead pf the compreffion extending 
equally in a fph^re* as in the firft cafe, it would 
in this fecond cafe extend unequally. 

To conclude, if is fuppofed that in a mine, all 
the cncompafling bodies are equally capable of 
compreffion, but that there is lefs refi fiance on 
one fide than the other, as it happens to all mines 
which arc made in the body of the earth, a fphere 
of comprciTion will immediately be made, whofe 
diameter wil! be fo much the greater, in propor- 
tion to the refiftance of the weakeft part on its 
being raifed ; on which three things may be 
obferved. 

. I. If the effort of the powder is very great in 
proportion to the refiftance on the weak fide, the 
compreffion will not extend far ; and this part 
will be raifed fo fuddenly, that the neighbouring 
pv:s having not time to Ihake, there will only 
be made a hole or well, whofe diameter will be 
very near equal to that of the chamber of the 
mine, the earth of which will be thrown at a 
great diftance. This is what happened when 
Verue was befieged by M..deVend6me^ the befieged 
Iprang two mines, which being overloaded, did 
not blow up the batteries whi^ch annoyed them 5 
thefe mines made holes or wells wherein the be- 
fiegers made lodg^^msnts under (hdter. 

Secondly, if the mine is under charged, it 
makes only a fimple compreffion, or at moft a 
little rifing near the weakeft part, as it happened 
at the ficges of Ciiidad Rodrigo. 

In (hare, if the mine is charged with a quan- 
tity of powder, between Ihefe two extremes, it 
E 4 will 
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will raife a cone of earth, the diameter of whofe 
bafe, will have a greater or lefs proportion to its 
height, from the centre of the mine, according as 
the etFort of the powder is greater or Icfe. And 
the moft advantageous efFeft, is when the diameter 
of the bafc of this cone is double its height ; for 
then almoft all the earth which was raifed, falling 
back into the aperture of the mine, the enemy 
cannot make ufe of it for a lodgment. In order 
to produce this effeft, the quantity of powder ne- 
ccfTary in proportion to the different bodies to be 
railed by mines, has been determined by experi- 
ments. , 

To charge a mine therefore, that it may per- 
form its etfeft with all poffible advantage, the 
weight of the bodies which are to be raifed muft 
be known ; that is the folidity of the right cone 
muft be found, whofe bafe is double the height 
of the earth, over the centre of the mine, which is 
eafy to be found by the rules of geometry ; the 
little cone contained in the chamber of the mine, 
may be fubtracted ; but fuch minutenefles are of 
no confequence, and the cube of its height may 
even be taken for the Iblidity of this cone •, thefe 
folidities are not fo much unlike, as to caufe.any 
fenfibJe difference in the effcdl of the mine. 
Having found the folidity of this cone in cubic 
toifcs, multiply the number of thefe toifes, by 
the number of pounds of powder neceffary to 
raife the bodies v;hich it contains, as.direfted 
in the experiments ; and if the cone to be raifed, 
contains bodies of different weights, a mean weight 
muft be taken between them all, having alfo re- 
gard to thofe which have moft cohefion. It is in 
general beft to put rather a little too much powder 
than too little. As to the difpofuion of mines, it 
muft be obfcrved for a general rule, that the part 

towards 
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towards which we would determine its efFe<3:,fhouki 
be the weakeft. We will not here enter into the 
particulars of thisdifpofition, it varies according to 
the variety of circumftances, in which they are em- 
ployed, and the efFefts we would have them pro- 
duce 5 and may cafily be concluded from the prin- 
ciples already laid down, 

VI. A new conftruSlion of JluiceSy by M. 
de la Hire *. 

Sluices are commonly m^de on fmall rivers, 
which have no great fall, and but little water, the 
river is therefore flopped at fome convenient 
place, that a fufEcient quantity of water may be 
collefted above it, to carry a boat ; and when 
the boats are come to the fluice, they expeditioufly 
open it, and the boats pafs through it, being 
fupported by the collefted water. 

The common way of (hutting fluices is very 
fimple, and of fmall expence, it is placing fe- 
vcral pieces of fquare boards againft a groundfel 
fixed crofs the bottom of the river, and on the 
top againft another piece of wood, which alfo 
goes crofs the width of the river, and is parallel 
to the groundfel, but is eafily moved on a great 
pin at one end thereof ; and the other end fattened 
to fome folid and firm body, when it is in a fi- 
tuation parallel to the fell. All the boards which 
ftop the fluice, and are placed againft the fell, and 
the tranfverfe beam at the top, ^re called aiguilles^ 
and are retained or held only by the water, which 
fifes by degrees in the canal, or river, above the 
fluice : but all thefe aiguilles are jiever placed fo 
cxaftly clofe to each other, as to prevent the- 

* Dec, 3, 1707. 

waters 
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waters mnmng between ihem % which is a greaC 
fault in thefe Ibrt of fluices. 

When the fly ice is to be opened, they haften 
to take out thefe aiguilles^ and turn the traofvcrfc 
beam at the top, to give free pafTage to the boat*, 
but this cannot be done fo foon as not to endanger 
its running aground, or being faft on thegroundfcl 
in the middle of the (luice. Therefore it is the 
praftice in many places to faftcn ropes to the top 
of ;Ui tht atguilles^ the more eafily to draw them 
on fhore^ and more expeditioufly than by (land- 
ing on the beatn< 

But here is a way of opening and fhutting 

fluices atonce, and without trouble. They may 

be ITiut or (topped with two doors, fuch as arc 

[commonly made ufeof at the entrance and going 

out of great fiuices. They are folding doors 

I which bear againft one another, and make a fa- 

' Jient angle to the fide up the river : but the whole 

art confitts in theconftruftion of the door. 

Each folding door *AB is only a frame of wood, 
of fufficient ftrength, for the ufe and place. Thefe 
frames are hung upon hinges at C, which are on 
the pofls on each fide of the (luice, in the com- 
mc3n manner of doors, and open upwards of the 
rivtr : but the real doors, which Ihut the open 
part of the frames, are hung on hinges at D^ od 
the upright battens of the frames, which are to 
join or meet when the doors fhut, and thefe doors 
open downward of the river contrary to the frames. 
Near E, they have each a Hctle latch, or rather a 
hafp, with a hole, which admits a ftaple, thru* 
which a pin may be put F, with a long handle 
like a bolt, that it may be placed in the hole or 
eye of the ftaple, when thcjy are Handing on the 
top of the door. 

* Plate I. Fig. I J . 

It 
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I§ is fccn by th« cottftrudkiir, that the doora 
E Dy being faftenf d to the frames A B ; and tht 
framos being otie sigaiitfl another, the canal of 
the river itm be IhSl ot ftoppcd, and the water 
wUl rife againft thefe dio(>rs on ihe fide up the ri- 
V«r V and When the fluice is to be opened, they 
need only draw oat both the pins or bolts at the 
feme time ; and immediately the f wo doors going 
with the ftream, the frames may be eufily placed 
m the fides of the canal, by drawing them with 
a chain or a rope G B, as they f&nd on the 
fliore ; for the water can have no great power 
O^er that part of the frame which is in it. 

By this conftrudlion, it is alfo feen, that by 
drawing the frames to the fides of the canal, the 
doors ED will ftill continue with the ftream, but 
ar laft when the frames are quite open, the doors 
E D will be (hut and return to their place of 
themfelves, where they need only be fattened 
with the bolt. 

In fhort, there will be no difficulty in (hutting 
up the fluice, for the water being then almoft on a 
levet on both fides, has not more power againft 
the door on one fide than on the other. 

The parts of thefe frames may be ftrengthentd 
by two binders placed at the top, higher than the 
level of the water when it is retained, that it may 
take lefs hold of the parts of the frame, when 
that is to be opened. 

I,t will be obferved, that it is not neceflary that 
the door fliould be always as high as the opening 
of the frame, it is fufficient if it keeps up the 
water in the canal high enough to carry the 
boats. Let it alfo be obferved, that two great 
latches may be put inftead of the two Kafps, 
which are in the figure, to faften the door the 
ftronger, and better to the upright of the 

frame. 
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Trame. Thefe latches will faften into 
which are to be fixed into the dooi 
there muft be to each of them a butt^— 
into the fame rod, which muft reach I 
of the door, and go through two ftapk 
which are there to be fixed ; fo that 
this rod, both the latches will lift up ■ 
the fame rod will ferve to (hut the 
door is put again in its place, if the k 
of themfelves fall into the catches i 
weight, and that of the rod. 
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Philosophical Discoveries and Ob* 
sERVATioNs in the Historv of tH6 

. Royal Academy of Sciences aj; 
Paris ^ for the Year 1708. ... 

I. Upon thunder s tranJlatedbyMr. Chambers* 

WE have chymical operations in the air, as 
well as in the laboratories, and fometinaes 
the very fame : thus thunder is only an inflamma* 
tion occafioned by the mixture of a fulphqsOHS 
matter, with an acid fpirit. 

But a difficulty feems to arife hence, that thofe 
two matters when mixed together by a chym^ 
after they are once fet on fire, fpend thernfelves 
intirely, fo that no new inflammation can be made 
without new materials; whereas, fi-om one and 
the fame cloud, we frequently find a multitude of 
flalhes burft one after another, which indicate as 
many different inflammations. Now the inflam- 
mable matter in the cloud being diffipatcd in the 
firfl flafh, how Ihould any new ones be formed ? 
. M. Romberg is of opinion, that the fame mat- 
ters which take fire by their union, and by their 
firing become feparated again, may rejoyn each 
other anew, be kindled again ; and thus for feve- 
ral times fucceflively. On earth this is impoflible, 
by reafon after they are once kindled, and by this 
means rendered extremely rare and light, the 
lower air being heavier than they, prefTes them oa 
all fides » and thus raifes them to a region where 

they 








l!i#y are foundin ^uilibrM to a tbinncr air; and 
tluis j^re loft to us: buc if tbe fame matters be 
tjijicd m cjchalatiofii ftsom tlie bofom of the eartly, 
they are aJr^ady arrived at this region of tquir 
Ukrium \ and 'tis here they are kindkd, where of 
confcquence chey find no heavier aij; to raife them 
after tht exploGon, fo thac they cannot be difli- 
paced^ but will remain where they were* and may 
tcjoyn each other tilJ: fuch cime as a flaowcr catt 
CEO down on the earthy and" thus purge the air 
'iheaa* 

This explication is the more pnobabJe as i% is 
founded on the operation itfelf, which reprefents 
thunder ^ if in lieu of pouring fpirit of ni^re hafti- 
ly on aneflentialoyl^ which will produce a fudden 
inflammation, it be poured oa<irop by drop» we 
floH only find an efitnrcfcence raifcd without any 
lation, and the mixture of the two liquors 
comes a reGn ; which if put in a retort^^ and di- 
1 led by degrees, will return the acid, andtheoyl 
'hereof it was formed ; now this acid and oyl are 
capabJe either of being kindled by mixing them 
_;ain, or of producing a new refin, which will bi* 
dure the fame operation it had undergone before^ as 
long as you pleafe* Here die fire of the diftilla- 
I lion makes the fame feparation of the matters, as 
^Kie explofion would have done, if they had been 
^Bi&red to kindle^, whence it appears, that if 
H|bey were not to fly fi^qm us, they would be as fit 
Iby iheir re-union lo form a new fiame, as a 
ticw re fin. 

As in each moment that a flafh of lightening 
ftrikestheeye, there \% a large quantity of maLter 
Jet on fire, M. Ihmberg im*>gines, that fo many 
repeated inflammations may give a certain deter- 
mination to the air, and c^tifcfome of thofe vari- 
able wij^ds which blow indifferently from all poinc^i 
VoL.ilLN^. 24. F of 
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of the horizon, and which are the only ones which 
we experience in thefe temperate climates. Hence 
perhaps It is, that we have more fouthern than 
northern winds^ fince there are always violent 
thunders betwixt the tropicks, wtiich are fouth* 
wards, in refpeft to us ; at leaft it is certain^ that 
this notion will very well account why our winds 
bjow in puffSi or blafts, fince the fiafhes follow each 
other at fome diftance^ and each gives its feveral 
blow ; and if it were certain, that the regular or 
trade- winds blow more continuoufly, it would b« 
a confirmation hereof. 






IL Offimefielhinchfedinflone. 

M, Tourmfort has fliewed fome flieUs inclofed 
in a bit of a rock, pierced by a great many cavi- 
ties, which were as their habitation. The entrance 
of thefe cavities was often narrower than their 
bottom, fo that thefe animals after being entered 
therein when fmall, mud have grown there, and 
prcfled the (tone being yet tender, in proportion 
as they grew, 

II L Of the force of the rays of the fun in 
prefling and pufhing. 

We fliould not have fufpefted, that the rays ©f 
the fun had the force of prefllngand pulhing, even 
when they arc re-united by the burning mirrour. 
M. Homberg has obfervcd, that if he expo led to 
it a very light matter, {uzhz^ Amianihus^ and in 
a pretty large quantity, it was rcverfcd by the rays 
of che f<f€us above the coal which bore it, un- 
Jefs it was prefented very flowly, and one part 
after the other, fo that it was not llruck to© 
'roughly by thcylstw, nor all at once in the whofc 
L* *" fun-' 
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ibrface. Befides, M. Homberg having ftraitened 
a fpringof a watch^ and engaged^ one end of it in 
a block of wood, he drove By repeated ftrokei 
againft the frcfc end of thd fpring, xht focus of 3 
Unsoi 12 or 13 inches diameter, and he faw tnat 
the fpring made very fchfible vibrations, as if it 
Had bcftn thruft with a ftick. This force of the' 
matter of light agrees with the weight, that has 
been found in it by other experiments. 

IV, JFlty in/unimer ici melts fajief in vacuoV 

ihan in air^ 

'hA. HoMerghz.% found, that in fummer, ice 
melts much (boner in ^acud^ than in the air. The 
rcafon of 'it is yef y plain ; ice only melts by the' 
aftionof thefubtile matter or aether, and in vdcu6 
flie whole (pace is filled only with this matter. 

V. Why the ienderefi glajfes are leajl fubjeSi; 

to break by Jire; 

iAi Homberg hsis ohCtYvedy that tender glafles^ 
that is, fuchas have more fait in their compofitiort 
and leis fand, or thofe which having more fand 
are very thin, are lefs fubjeft to break at the' 
fire and burning mirrour. It is eafy to fee that 
glafs is only brittle by the extreme heterogeneity 
of the {articles of fait and fand, of which it is 
compofed, that it breaks by the difficulty thaC 
the fubtile matter, when it is ftfongly agitated, 
finds to mo<re freely^ in the intcrftices of its platts,, 
and that it finds lefs refiftance inthe particles of 
felt^ thaSn in thofe of fand, which are rrfore 



n 



VL Of the €ffe£l of tbe fun's beat miapafie 
kidupan apiece of polip^d gfaJL 

A peribn having applied to a piece ofpoliflied 
glals about half a foot fquare^ a paflie of Spunijk 
white, and fize, put it altogether in the fun during, 
the great heats of die fommcr* The pafte whicli 
was towards the fun,, having been ftrongly heated, 
bent toward ihe fun, and rolled upward » in fiich 
a manner, chat in tills motion the tewer furface, 
placed upon the ghfsj raifcd itfelf. But the fin- 
gularity of it was, that this furface railed with it a 
flake of the glafs. This flake made a fort of var- 
Hifti upon the pafte like I>dft ware ; its- thickocfs 
was unequal, but it did not exceed half a line* It 
is very furprifing that the adherence of the palle 
upon the glafs fliould be fo ftrong ; and alio that 
it fhould be able to pull off from tlie gla& £b conEr 
derable a flake. It had been blown, and pro- 
bably the cane, through which they blowed, had 
been plunged in the crucible at ditfereot times 
Ivhich had made it divide into leveral flakes, 
which however did not appear, becaufe they were 
very cxadly applied to each other.' We owe this 
pbfervadon lo M, Ceoffny, 

ViL Of an extraordinary cure performed iy 

mufcL 

The extraordinary cure which we hare fpokcn 
of in the hiflory of 1707, is not fo much fo, or 
at teafl it is not any lor>ger fingle* Here is an- 
other example which we had from M. de Manim* 
jor^ mayor of Alais^ in Languedoc^ a man of 
knfc and merit* A flancing^ maftcr of jilms^ 

during 
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uch the more fatigued in the exercjies of 
rofefliorF, as they are the mofl agreeable^ 
lick with it the beginning of lent. He was at- 
ckcd by a violent fever, and the fourth or fifth 
ay lie fell into a lethargy, which he was a great 
while a coming out of. He came out of it only 
enter into a furious and fileut deUriumy in 
hich h:^ made continual attempts of getting oiit 
his bed, threatning with his head and looks 
ofe who hindered him, and even all who were 
efcnt ; and obftinateJy refuled, conftantly with- 
t fpeaking, all the remedies that were offered 
him* M^. de Mandajor hv7 him in thiscondl- 
on ; it came into his head, that perhaps mufick 
ight recover a little this fo difordcred an imagi- 
tion, and he propofed it to the phyfician. He 
id not difapprove the thought, but he juftly 
red the ridicule of the execution, wMch would 
ve been yet infinitely greater, if the patient had 
iedin the operation of fuch a remedy. A friend 
the dancing-mafter, wh» was fubjeft to none 
fthefe difficulties, and wha could play on the 
olin, took that of the fick perion's, and began 
play the airs that were moft familiar to him, 
hey took him to be more mad than the patient 
confined to his bed, and bifgan to reproach him ; 
kit prefently the fick perf^n raifed bimfelf upon 
' is fear, as a man agreeably fyrprifed \ his arms 
ould beat time to the tunes ; but becaufe they 
held him by force, he could oily Ihew by his 
bead ihe plea fare he felt. By degr^ses, even thofc 
who held his arms, findirig the elicdt of the violin. 
Quickened the violence with which ih^y had held 
em, and gave way to his motion in proportion 
s thiry found he was no longer raving. At laft, 
the end of a quarter of an hour he flept foundly, 
F 3 and 
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and had doring this deep a crifis^ which broughl 
him out of danger. 

VIIL Of the new ijlandformed near Santerini. 

We arc now better informed of the new iiland 
which has railed itfdf near that of Santerini^ or 
Santsrin^ which has been mentioned in the hiftory 
of 1707*, A letter, that F, Bourgnm^ a miffi- 

" onary jefuitc at S^;i/£?r/ff, an eye witnefsof all this 
phcenomcnon, has writ to M* de Feriol^ the French 
ambaJTador at the port, and that this minifter has 
fent into France^ has been communicated to the 
academy. 

May 23, 1707, at fun-rifing there was teen 
from Santorin^ 2 or 3 miles at fca, fomethinglikc 
a floating rock which had not been leen be- 
fore. Some believed it to be a veffel which was 
going to break againft Ibme little iflands or rocks 
which are there, and went to pillage it. They 

^ were fnrprifed to find it a new IJielf, and they 
were bold enough 10 get upon it, altho' it was yet 
moving^ and encreafed almoft fenfibly under thdr 

'feet* They brought back, as a teftimony of their 
courageous landing, fome pumice- ftones of an tx- 
traordinary fineneis and delicacy j and fome very 
large and exquifite oyfters, that the rock where 
they were fixed, had raifed wi^h it, f^om the 
bottom of the fea. They h.ul a liule earthquake 
in S ant or in two days before the birth of this fhelfs 
it increafed very ftnfibly as well in breadth as 
height^ till the 13 th or 14th of June^ widiout 
being accompanied with any accident. It was 
then a 1 moil half a mile in circumference, and 
ao or 25 fecc high. It was round and white \ the 
earth was light, and had a little clay in it, 
f Pag. 13 of tliis volume. 

They 
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They began to believe, that this new Jabour of 
nature was finiffied, but the water of the lea be- 
came fenfibly chick every day, and had the colour 
of various mineral fubftances \ among which, ful- 
phur was predominant^ the waves had an agitation, 
and boiling, which came from the bottom. Thofe^ 
who would approach the new iOand, felt an im- 
jnoderare heat, which hindered their accefs to 
at laft there fprcad in the air a ftink which 
Infefted the whole idand of Santmn^ and ex- 
tremely incommoded the inhabitants ; all this 
foretold fome terrible change to this part of the 
worlds and fear reigned in every niind, InefFeft 
there was ften on the 1 6th of Juiy^ at fun-fer, a 
great chain of 1 7 or 1 8 obfcure black rocks, a 

Rittie Jrom one another, which went out of the 
k>ttom of the fea, towards the new ifland» and 
cemed to be going to join foon together^ and with 
r, which actually happened fome days afterwards. 
I On the 1 8 th there came out of it for the firft time, 
b very thick fmoke^ and there were noifes heard 
Phich came out of the bottom of the new earth, 
p much the more threatening, as they were alfo 
Bore hollow. , The 19th the fire began to appear 
Kry weak at firft, but it increafed continually- 
Every night the new ifland feemed to be only 
bade uf a great number of furnaces, which vo- 
mited flamtrs^And as if the heavens bad a mind to 
pontribute to this frightful illumination, there 
Was fecn one night toward the end of y^f/y, only 
, few moments, a ftrcam of Ore which went 
eaft to weft* 
During this time, the iftand juft forming in- 
rca{td very much, even in height. The waters 
If the Tea boiled more violently, they were more 
oaded withfulphur and vitriol, and the intedion 
fo ^reat at Sanionrh iha: they could nor 
F 4 breathe, 
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*breathe»e(peciailly\Mhen the wind drove Ihe frrroak 

that way. Toward (he end of Jug. the fubtcrm- 

[ -motts DOifes became elore freqUcm^afid fo fcerribte, 

that they equalled that of 6 or 7 great carinas dif- 

charged all at once, the fire made new openirtgs 

' .every day, and it threw into the air fometirrtcs a 

-prodigious quantity of fine afhes, which did mn<k 

'damage to the harveft of Santorin^ fomedmesa 

I dike quantity of licde ft<me3 inflamed, which 

cauftd a litde ifland, whereon they fometfmes fell, 

\ no appear all on fire ; fometlmes great burned 

-rbcks^ which raifed thcmfelves like bombs and 

^ ^csreafles, and afterw^irds pinnged into the fea at 

'^boTC 7 miles dtftance, 

- Thefe terrible difcha^ges were beedme conti- 
.fioally mone frequent fince the end of Augnji % and, 
\xi fine, to the month of Novtmher^ where F, 
^Bourgnonh relation ends. It is very remarkable, 
, itat then it did not any more throw out fuch 
.great ftones, nor in fo great a quantity, that the 
,. fea ivas not troubled any more, that its boiling 
was calmed, that the ftink was hardly fmelcanf 
more -aiSantorin % and, on the other fide the fmoak 
was every day blacker, thicker, and in greater 
abundance, the fire was greater, the fhowcrs of 
^fhes W£:re daily, Ind the fubtcrraneous noilcs con- 
tinual and fo violently, that it was hard to di(ltn- 
guifh them from thutidcr. The account goes 00 
farther than the 20th of November ; and it is 
likely, that the prodigies of the new ifland are 
not yet difpofed to ccafe. 

That of Senior in itftlf, which was formerly 
called Tberd^ has pafled among the ancients for a 
new production. It is certain, that In 716, 1437* 
. and 1573, it has received additions by fubterra- 
neous fires, or that the little neighbouring iflands 
were formed as the laft, which we have juft men- 

tioiied. 
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tiooed. There was alfo in 1650 a furious rarage 
In Sunt&rin and thereabouts, but without an^ 
other new prod uft ion ihan that of a great bank, 
whkh {>erh^ps will be the foundation of another 
iflaxid. The fubtemneous furnacei which is in 
this part of the globct muH be one of the moit 
ardent. 



4X* Of the method of meafuring the heights 
of piucesby the barometer. 

M^ J^n James Scheuchzer^ Doftor of Pity- 
fick, at Zurick^ and member of the royal focie- 
ties of England and Prtfjt^, having fcnt to the 
academy a great number of obfervations of the 
bcighc of the barometer, which he has made im 
diflSercnt towns of Swiizeriand^ and upon forac 
moOntains of diat country, during the years 1705, 
1706, 1707^ M. Marddi made ufe of them to 
findt according to the method escplained in the 
memoirs of 1703 *, how much the places where 
tbcy have been made, are elevated above the level 
of the fea, This method requires, that we know 
id what proportion the air is always dilated up- 
wards 1 that we have correfpondent obfervations 
uf the barometer, made in fome place, whofc 
deration above the level of the fea is known, m 
MrMarMi hadhismadeat P^m, and that we fup- 
pofc in a great extent of country, fuch as is that 
of Frame and Switzerland^ that the barometer 
varies in the (lane manner and in the fame time 
By this M, Maraidi found, for example, that 
mount Jech is elevated above tiiefea 1340 toifes, 
and as there is another pretty near it called TiftUf 
htrg^ always covered with ice and fnow, which 
thofe of the country lay, is thehigheft mountain 

• Vol JI. Page S5 of this abn^gtncDC, 
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of SwiizerUnd^ and which M, Scheuchzer believes 
to be elevated 2000 feet more than Jocb % itfol* 
lows from hence, that the highcft mounrains of 
Switzerland would be elevated 1 660 roifo. They 
would be more fo than the Canigou^ which is one 
of the Pynnean mountains. 

But it muft be owned, that this method for 
meafuring heights would be much more lure ; it 
■ we were not obliged to fuppofe that the baro- 
meter varied in the lame manner and time in di- 
ftant places, which is not always true i and if in the 
- feme country^ where we would take a height, we 
had an obfcrvation of a baromtter made at the 
'fame time on the fea fhorc, or in fume other 
: place, whofe elevation above the fea was known, 
. then there would not remain any more unccr- 
' taint y than in the hypothefis of the proportion, 
^according to which the air that furrounds the 
• earth dilates itfdf upwards. 

And even this uncertainty begins to diffipaic 

a little ; and the progrdTion, that M* Caffini has 

eftabliihed for the dilatation of the air in the place 

above quoted, in 1705, is fufficiently proved. 

F. Laval having meafured geometrically ft- 

vera] heights at Sainle Bamm^ and diereabours, 

he afterwards carried a barometer thither, and 

has obferved how much lower it was there 

than at his obfervatory at MarJeiUe^^ of which 

he knew the elevation above the level of the fca* 

He hasfcnt his nieafures and obfervations to 

Meff* Ci^Jjini^ who have found what ought to be \ 

according to their progrefTion, the height of the 

. mountains^ which gave the falling obferved in 

the barometer \ and they have found the fame 

J heights that F. Laval found elfewhere by gco- 

f metrical meafures. There was only two or three 
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toi&s difference, which is inconfiderable in pro- 
portion CD great heighcs, and is befides ^Imoft 
abfoiucely unavoidable, becaufe in the Jeaft di- 
latation of the air a line of quickfilver anfwers 
to 6 toifes of air, and confequently, if in the ob- 
fervation of the height of the barometer made 
in the loweft place, we miftake half a line, which 
is very eafy, we miftake three toifes in the cal- 
culation, of the height, and much more, if the 
lame error is in the obfervation made at the 
Jiigheft place. This is a general inconvenience 
all the operations, where very fmaJl magni- 
jdes give great ones, to which they anfwer. 

To mcafure the height by the barometer with 
the greareft certainty poflible* the two places 
where we obferve the greaceft elevation and de- 
preffion of the quickfilver muft be, as in F, La- 
tw'^s operation, fo little diftantthat we may not 
itiJpeft the weight of the atmofphere to be dif- 
ferent. 



Of ^ Utile JljeU-fiJh^ thatfeedi upon mufcks, 

M. de Reaumur has obferved the way taken by 
a little fliell-fifli to feed upon mufcles, which is 
very finguUr and difficult to explain. This 
IhelUfiih is of the fame fpectes with thofe which 
are called in Latin Tr&cbus^ or ^urh^ that is, its 
(hell is one piece, and turned fpirally. The 
fifli comes half out of it when it pkafes, as the 
fnaiis do out of theirs. The mufcle being in* 
clofed in its two {hells would not feem likely t3 
be the prey of this animal •, and yet it is. It 
faftens icfclf to the fhcU of a muicle^ pierces it 
with a round hole very exadt, about a line in 
ti^metcr, and palTes into it a fort of trunk or 
hollow cylindrical pipe, 5 or 6 lines lon^^ 

which 
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which ic turns fpira%t and fucks due mofcle 
with it* 

The difficuky is to know haw it m^kca tbe 
b€)k* It is not with the trunk which lacks, for 
rbiit is itoo foft and too LiJenc to pierce a^very 
iiaifd (hclL M. de Reaumur, by the diO^clion »f 
this animal;, has not been abk to find any iparc 
of it piQpcT for thk effefl, though if it had. any 
k mufl: 'be as fenGble as the hole \ be ha£ oroi 
jliet with many of thafe little ftieli-fifhes faftencd 
10 mufclcs, which they have not yet picrc^ 
quire through, he has feparated them, and feen 
nothing, lie has alio obferved, that thefe ii|i- 
perfcft holes were almoft as Lirge in the bottom 
as at their openings which does not agree with 
the'figur^of an'inftrunQent, which prob:ib1y would 
be more pointed at its extremity. Laftly, he has 
alfo'feen oval holes, and it is difficuk ekher for an 
iriftrument to make thepi^ or for the fame that 
makes round to make oval. 

He believes therefore that the animal may 
-throw upon the mufcle feme drops of liquor ca- 
pable of piercing the fhelL This drop will na- 
turally be round, and fomecimes it becomes oval, 
becauft^ it docs not fall perpcndiculary upon the 
fTitriclc, or btcaufc the mufcle gives it fome little 
/motion. To render this conjecture ftill more 
probable^ it is to be wiflied, that in the imper- 
ftjtl holes, and where the animal feenis ftill to be 
working, M. de Reaumur had found there this 
fort of i^qiiu f^riis. 

He h,is obferved, that there is never any hole 
in all the circumference where the two lliells of 
-ibc ukulele ioin, and he attributes this to a very 
Ingenious precaution in the animal that attacks it. 
Which is» that if the mufcle fhould open its 
ihells, the trunk of the little filli would not t>s 
. m.'ihe hole that* it fhould make,' it would eafity 
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Cyrn it away, and thai the mufirle in ffiutting ks 
Iheik, would fqueezc ir^ and perhaps, cut ic, or 
ss:tcdt wcttild keep itstcneiBy priibneff. 

Bft de Esaumir has fomecimes lieeu feveo&fc 
holes Kpon the fiiiiie mufcle, and when- he bav 
fosad empty mulHe^^lheUs, he has akiioft alwa? s 
fan of rfiele holes^ wbkh inakes him believe^ 
dmt thtfe ftiell-fifli do not a little contribute to 
tte dcftruftion of the rniifedes, 

XI* -^ account ^f Dtn John SclTCtnidizai'^ 
S^nriatmn m the aright of- mmmtams^ 

M. y^^n ScBeuchzer^ doftdr of phyficfc at 
Zmni^^ has done the academy the honour to de- 
dicate to k a Latin dfffeitation upon ihc origin of 
imuntainSj, or upon the formation of iJk earih^ 
whidi is not yet printed, 

Di^mteSy for it often happens that the hiftory 
of fomt mquiries, or of fome difcoveries begin 
bf himv is the firft who has thought of explain- 
ing mechanically the formation of the earth : af- 
terivard Slen^^ Burnfty Woi>dward^ and at laft 
Schmckser haw undertaken cither to extend or 
rcftify his id^s, and ha^r added them together. 

If chc globe of the earth was perfeftTy fphe- 
ricalj that is, without mountains, and if the dif- 
ferent beds of fatnd, clay and ftones, of which it 
is compofed, were every where^ as they are in 
an infinite number of places, pretty exaftty pa* 
rallel between themfeives, and concentrical cothe 
furUce of this globe^ we fliould eafily imagine 
ibac tlie whole had been formed of a troubled 
Euidj if I may fo fay, and heterogeneous^ of 
'which the diffi^rent parts, unequally heavy^ would 
namrally feparare from one another by the hw$ 
of gravity, and be ranked in drift rent circular 
bcibj which would all hare had che centre of the 
i slobe 
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globe for a common centre. Even this fcpa- 
racion would have inade the fluidity ceafe. This 
fyftcm would not only be pofliblc^ but aJmoft 
ncceflSrjr, for we could hardly attribute to another 
caufe the parallelifm and concentricity of the 
fir&ta. That the the earth was at firft a fluid, 
and that by the laws of motion it is become folid 
by time, and is difpofed as it is, or that God 
created it all at once in the ftate to which fh^ 
laws of motion would have brought it, is the 
fame thing according to the ingenious rcfleftion 
of M. Defcartes, It is indifferent whether God 
created the egg, or the fowl firft. 

The parts of land and water animals, branches 
and leaves, &c. found in beds of ftone, and that 
pretty deep, confirm this fyftem of the fluidity of 
the earth. By what other means than this, could 
they be inclofed where they are ? but it is alfo 
true, that we muft fuppofe a fecond formation of 
the beds or Jlrala^ much lefs ancient than the 
Ibrmer, at the time of which the earth had nei- 
ther plants nor animals. Stem eftablifiies fcveral 
fecond formations, caufed in difi^rent times by 
extraordinary innundationsj by earthquakes, and 
by the matter that the Vukano^s vomit. Burnet^ 
JVsodwdrdy and M. Scbmchzer^ chufe rather t© 
attribute to the univerfil deluge a fecond general 
formation, which however does not exclude tlie 
particular ones of Suno, 

But the mountains feem to fubvert the fyftem 
of the fluidity, they could never have riien, fince 
all that is fluid becomes level. Neverthelefs this 
fyftem is fo probable in its felf, and fo well fup- 
ported in the great eft part of the ter reft rial globe, 
that it deferves fome endeavours to preferve it. 
It is for this,that M. Scbeuchzcr adopts the opinion 
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Terfal deluge, God being pleafed to make the 
waters enter again, into the fubterraneous rcfer-^ 
voirsv had broken and difplaced' with his all 
powerful hand^ a great number oi Jlrata^ which 
were before horizontal, and h^d raifed them above 
the furface of the globe. The whole diflcrtatioa 
was made to fupport this opinion. 

As thefe heights or cminencies muft have been 
of a very folid confilbince^ M. Scbeucbzer ob* 
fcrves, that God raifed them only in places where 
there were a great many beds of ftone, Fromi 
hence it comes, that the countries where there ii 
a great quantity, as SmiztrlanJ, are very moun* 
tainous, and that on the contrafy, thole which 
like Flanders-, Germany^ Hungary^ and Poland^ 
have only fand or clay, and that to a very great 
depth, are almoft intirely without mountains. 

It was impoflfiblc that the broken, difplaced^ 
and eievated ftraia ihould remain horiEontai ; 
and we never find any in the mountains with this 
direction, but what remains of it, is that they are 
ftill parallel between themlelves, and this, fup*- 
pofing the difplacing, is in reality all that they 
could pofTible preferve of it* 

M, Scbeuchzer has obferved their different dr* 

bions, in a whole chain of mountains of three 
jes, upon the borders of the lake Uri^ and 
has ftnt to the academy a very curious map of 
them* There is no horizontal bed there, tho* 
they are ail fo in the plains, and hardly any that 
makes a right angle with the horizon ; we find 
indifferently all the other angles. It is vifible 
that this is underftood of the lurface or flop^s of 
the beds. As to their direftion, which we Iliould 
fee, if one fide of the mountain was cut accord- 
ing to its inclination to the horizon, they ar*e 
very different m different mountains, and fome- 

time's 



tinoes in tha (.unc. Sonie ane in arches or vaukcd, 
othci^ are in a Ton of triangle, aod hava focnc 
very acute angles, but alL uhe dir^QixQm wba&- 
ever of one bed, Stfe always exactly parallel to 
thofe of many other oeigl^bouring beds. Wbac 
b here the moli fingidar in M, Scheuchz^^s Grmpi 
is the extreme dlreftion of 2 different feries of 
beds, which ineet at tbeir conirex parts, and form 
the iigure of two branches of a curve thac mtm 
back. 

M. ScbiuchziT has made in. the celebrated 
quarry of Claris^ from whence there has been 
drawn a great number of tables of ftone, an obfer- 
vation not very favourabJe to the fyftem of the 
fluidity, which however he does not diflfemhle. 
The beds of this quarryj which are but an inch 
thick, arc of two different natures, and akeroajrcly 
Bard and foft 1 and tOi niake tables of it that siay 
be ufed, they muft cut a hard Jlratum wieh a 
foft one, without feparating them. The hard 
fuftains the foft wMch muft be at thetop^ when 
they work it, as it is in the quarry. One would 
think that in a fluid, all the heavieft part muft 
have precipitated to the boriom, and chat there 
could not have been beds ahemateiy lighter and 
heavier. Nevcrthelefs a fingle bed, where tlie 
llghteft is always at the top, proves alibi the flu- 
idity, the whole difficulty remains in the alternate 
fituation of the beds. To give a folid fatisfaftion 
of this difficulty, we had better wait for new ob- 
fcrvations which M, Scbeuchzer feems to promife, 
than to imagine any folucion, how ingenious fo- 
ever. Bcfides we have already launched too far 
upon a work which belongs to this able philofo- 
pher, and which the academy kis no right tq af- 
fume 
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XII, ^ account of Dr. John James 
Scheuchzer's dijfertahm on cryftaL 

M. John Jama Scbmcbzer^ brother to the 
former, and alfo doftor of phyfick at Zurick^ a 
great natural philofopher, has fent alfo to the aca- 
demy a Latin dilicttation upon cry Hal, which he 
has not yet publifhed* 

There is a great deal of cryftal in the moun- 
tains of Swiiz^rUnd, and k is a journey which 
the author made thither in 1 705, which occafioned 
this diflertation. We have but too few of thele 
furt of phylical inquiries made by skijful perfons, 
who have feen them with their own eyes, M, 
Scbmchzer collcftcd with great eruditioa all the 
different cryflais, perfeft* or impsrfeft, coloured, 
mixed, and dillerently figured, which the ancienc 
as well as modern authors ha^e fpoken of; he 
ranges them unJer certain fpecies, and relates the 
different names that have been given them, or 
fhtilr Jy^onyma^ which is known to be very uieful 
in fuch fubjtds* and was wandng in this. 

He afterwards eiitcrs into the philofophy of 

the formation of cryftal, and even undertakes to 

prove geometrically the necefficy of the hexagonal 

figure^ which is common to it» M. Scbeuchzer 

believes, according to [he common iyflcm^ that 

the cryftal, as well as the precious ft ones, has 

been liquid, and formed in ftones which were fo 

likewife* He feems perfuaded by experience, tliat 

there arc no more new cryftals produced. Upon 

this foundation he conjeftures, that when the cxte- 

riour cruji of the earth had been extremely foftcned 

by the waters of the univerlal deluge, the fluid 

matter of cryftal had penetrated it, and gathered 

together in the cavities and fiftures of the ftones, 

Vot. IlL N^ 26. G where 
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where it congealed by time. We muft not be 
furprixed, that lo great a confufion as that which 
was caufed by the deluge upon the furfacc of the 
earth, is an epoch or an origin which frequendy 
recurs in phyficai inquiries. 

XI 11. An account of the fame author's dif 
fertatim^ intitled^ Pifcium quere^se & 

vindiciae. 

In a diflertation of the fame author, printed 
under the tide of Pifdum querela fc? vindici^-^ 
and fent to the academy, the univerfal deluge is 
more fenfibly pointed out. 

M- Schiucbzer has made a fort of catalogue, of 
all the ftones that he knows, like thofe which we 
have fpoken of in the hift, of 1703*, and i7o6t^ 
that is, which inclofe fifties, or rather reprefcn* 
tations, and at moll the Ikeleton* of fifties. We 
have already faid how far thefe forts of ftones 
were from being, as has been commonly enough 
imagined, fports of nature, or forcnuitous paintings; 
and thus M. Schmcbzer introduces the fifties com- 
plaining that thefe ftones, which are really their 
tombs, are taken far mecr ftones, wherein their 
figures are found engraven by chance ; and that 
thtfe curioficics are referred to the mineral kingdom^ 
by taking them away from the animal kingdom to 
which they belong. The author is perfaaded 
that thefe fifties buried in ftones, have been there 
ever fince the unjverlal deluge, and this feems 
true, efpecially with regard to thole which are 
found in places, where no other accident could 
have brought them, and where we cannot believe 
that there has ever been any water fince that time- 
Such is the quarry of On:ngen in the diocefe of 

* VoL IL Ppge 13, f Fag^356 of the fame, 
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CmP^nce. Scvtral of M. Sch&cbzerh ftooes 
have been taken out of it. The moft remarkible 
both for fizc, and the perfeftion of the figure* is 
that which contains a great pike, of which there 
even remains in fomc places petrified flelh. This 
proves alfo the reality of the animals if not 
more furcly, at leaft more palpably than thofc 
delineations fo fine and delicate, which have no 
fubftance. 

It is not only fifties, that M. Scbeucbzer fhews 
io the cabinet of curiofities, which he cxpofa to 
the publick view ; there are alfo two bones of the 
Virfibr^ oi ih^ back of a man, and alfo a feather 
of a bird found in ftone, but becaufc there is al- 
ways found more of fifli, than any thing elle, it is 
they that are the fpeakers in the common fubjeft 
of complaint. It is vifiblc, that there is nothing 
but Eihes, that have been able to remain wrapped 
up in this deep mud or fllme, which the deluge 
left upon the furfacc of the earth, and which af- 
terwards hardning formed different beds. All thac 
was not naturally able to penetrate at leaft to a 
certain depth, remained expofed to the air, or 
was uncovered foon afrer, and confequently was 
dcftroyed. This is the reafon that there is found a 
much greater quantity of Ihells than of fifties in- 
clofed in ftoncs, and almoft always the heavieft 
Ihclk- Their weight makes them fall lower in 
this general flime^ and that which is found the 
loweft, is the bcft prefcrved. 



XIV, On the generation of /hash, 
fated hy Mr. Chambers 



Tran- 



The philofopher that ftiould be reproached 
with too much application, to the ftudy of fuch 
contemptible things as in feds, might clear hiiB- 
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felf by only afking, whether the fmallcft pieces of 
God*s handy*work are below our conoern ; buc ic 
like wife happens, that thefe fame works which 
the generality of men have been pleafed to con- 
fider as the fmalleft, are really thofe where the 
moft contrivance, and the greateft miracles of 
mcchanifm appear, and if we henceforth prefer 
inquiries into the ftrufture of the human body, 
nothing but our intcrefl: can juftify us therein. 

If a common garden- fnui I be examined out of 
the coupling- feafon, and its body diflcdted with 
all the care poflible, nothing will be found therein 
that ftems to have relation to generation, and 
yet as has already been obferved, in the memoir 
of M, Pauparty this animal is an hermaphrodite, 
and conftquently muft have a greater apparatus 
of genital parts, than moft others. Every thing 
too that pafiVs in it^ muft be of a very fingular 
nature ; the chief of thefe fingiilarities we Ihall here 
deliver, but without explaining the mechanifm, 
whereby they are executed, which we refer ve for 
M, du P'ir^^\ memoir on that fubjeft, we Ihall 
there lee with amazement how much a fnail 
ftands nature in* 

This animal on the right fide of its neck, has 
a little almoft infcnfible cleft, which leads into the 
cavity of the body, where the intellines are found, 
very winding, and flu<ftuating, in its belly ^ but at 
the time of copulation, al! this changes form and 
the animal is metamorphofed, almoft throughout. 
Thelittle kind of gut being now driven from the 
bottom of the belly towards the neck fwcUs, 
turns backwards, and difpofes itfelf in fuch man* 
ner, as to prefcnt itfelf to the cleft of the neck» 
which is now much dilated after the manner of a 
male and a female parr, each ready to do iti 
office i but this does not proceed till after the 

i fnail 
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fiaail has met with another, and by fcveral 
prelitDinary motions more vigorous, and as ic 
were paflioned than one would expeft from fo 
cold an animal^ they have raifed each other into 
a proper difpofition, and are aflUred of a perfeft 
underftanding, 

The better to aflure themfclves of this, they 
have another very fingular expedient which they 
never fail to pat in praftice together. With the 
male and female pan there ifTues at the aperture 
of the neck, a kind of fpear fliaped like the head 
of a lance, and terminating in a very acute point i 
now the two fnails turning the cleft in their neck 
towards each other, upon their coming to touch 
in that placcj the Ipear iflbing from one, pricks 
ihe other, and the mechanifm which plays it, is 
fuch, that it immediately hereupon leaves the 
part it belonged to^ and cither drops on the ground, 
or is carried off by the fnail it has pricked. This 
fnail inftantly withdraws, but foon after rejoyns 
the other, which it pricks in its turn, and after 
fuch mutual puo<5lure, the copulation never fails 
of being confum mated ; whereas all the other 
preJudes might have failed- The fpear emitted 
on cither fide, feems intended to advertife the two 
fnails, that they are in equal readinefs, for in this 
hermaphrodite kind, there is not as in cur's one 
principal and aftive fex, whofe difpofition alone 
might fuffice* 

Snails ufe to couple three times at the diftance 
of about 15 days from each other, each time of 
copulation we find a new fpear^ nature being at 
the cxpence of producing it, tho' for a ufe feem- 
ingly of little importance. M. du Vermy com- 
pares this re- generation to that of a deer's head, 
and in effeft there feems fome analogy between 
the fu'. ftance of the one and the othcr^ 

After 
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After emitting, the fpear foUows the recipro- 
cal penetration of the male part of each fnaii into 
the female one, and as they have each of them 
the two organs of generation difpo^ed alike, at 
the orifice of their neck, to make each orgaii 
correfpond to its refpedive one, 'tis neceffary thac 
one of the foails have its head upwards, and the 
other downwards^ which they practice accord' 
ingly. 

Their copulation lafls 10 or 1 2 hours,and produces 
efpeciaily towards the beginning, either a ftu- 
poror a tranfpon, which hinders their giving 
any fign of fenfe. During all this time they ne- 
ver feparattt nor can be brought to it, do what 
you wilU indeed they have a very cogent rea- 
ion for this firm embrace, which is, that the 
glans of the male part growing tumid, cannot 
get out at the paffkge by which it entered. It 
may be about an hour arriving at this extenfion 
and till then no feminar matter is emitted. 

What is more, the femen is not yet formed, 
nor is it till after the copulation is begun that na- 
ture fo much as goes about it, or employs any of 
the ftrufturc neceirary to provide it. There is a 
fiogularity like wife in the matter of the femen^ 
which is not fluid, but of a confiftence like wax, 
and alTumes the figure of the canals it paffes thro*. 
It is expelled by a motion like that of the intes- 
tines, when they evacuaie their contents ; and 
during all the time of copulation, except the firft 
hour, creeps geatly forwards from each foail into 
the other. 

The canal it iflTucs from is longer than that of 
the female, which firft receives it ; but from 
hence it paflts into other veffcls belonging to the 
female fex, whereat length it occafionsthefecondi- 
fi(;ation, tho* not immediately after their firft co* 

pulation. 




Royal Academy of Sciences. 87 

pulation, nor even the fecond, but only after die 
third. 

At the end of about 1 8 days they bring forth 
their eggs, by the aperture of their neck, and 
hide them in the ground with the utmoft care and 
indufby; and what is further remarkable is, that 
upon opening afnail prefently before it lays, no 
^gs are found therein, but only a kinrfof little 
ligaments, or embryos, which fwim in a very 
limpid Uquor; and make brisk motions therein^ 
Thefe embryos beome eggs in the road ere they 
get forth 5 that is, are invefted with membranes; 
which has furniflied them by certain liquors, and 
afterwards hardened. 

All this is only the natural hiftory of the gene- 
ration of fnails; *cis only what is done, and not 
the manner of doing it. If this manner were left 
to the ableft naturalift to divine, it would doubt- 
left prove a very intricate enigma ; accordingly 
it is thus far proved almoft impenetrable, not- 
withftanding we have all the pieces of the mecha- 
nifm in our hand, and fee them played under our 
eyes. 

XV. Of the eggs of the cuttk-jijh. 

M. Saulmon having procured from the fea fomc 
eggs of the cuttle-fifli in bunches, there was found 
in all of them a little cuctle-fifh, very well formed}r 
they were each held by a pretty long ligament ta 
a thick trunk or common cord, out of which all 
thefe ligaments came, very much twifted toge- 
ther. We do not take them to be the fame thing 
with that which is called vcficaria marina^ ancl is 
believed by the failors to be this bunch of cuttle- 
fiihes eggs, which the little fifties are gone out of, 
and have left it dried. There is not any remain- 
der 
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der of thefe ligaments of the eggs feen in the vi^ 
^caria^ at kaft we cannot be affured of them 
and the irregular veficles» or grains, which com'* 
pofc them, ieem glued together, 

XVL On the burmng-^glaffes of the ancients^ 

Altho* the academy does not propofe to make 

inquiries into antiquity, and is more employed 
in difcovering what is, than what was formerly 
thought, or what we may yet add to arts, than 
what has been praftifed, it has however given a 
great deal of attention to an obfervation of M. d^ 
ia Hir£\ on the burning-glaflfcs being known to 
the ancients. The burning mirrours certainly 
were ; for fome hiftorians have pretended that 
jirchimedcs made tifc of one to burn a fleet, 
and akho* they attribute to it an impofBble cf- 
fcft, this proves that they were known. But it 
is certain, that thefe mirrours, which they inven- 
ted, muft have been of metal, and concave, and 
had ^^ focus by reflexion, and we are commonly 
perfuaded, that the ancients did not at all know 
the focus by refraction of convex-glafles* Never- 
thelefs M. de la Hire has found them in the firft 
Icene of the fccond aft of the Ckuds of ArifiO' 
f banes. Strepfiades is a dull, ftupid old fellow, 
who fays to Socraies^ that he has thought of a fine 
invention not to pay his debts. 

Strep. MaJI ihou feen df the druggifi^s this fine 
tranfparent JiQne^ with wbicb they kindle fire ? 

Socra. Is it nctghfs that you mean ? 

Strep* True. 

Socra, Welly what is it thou will do with it ? 

Strep. When they fhall give me afamm&ns^ I 
will take thijfone^ and putting it to thefun^ I 

Will 



i 



Royal Academy a/* Sciences. 89 

foiUfnakc tie whole writing of the fummons melt 
ga 41 diflance. 

We fee plainly, that this writing was drawn 
upon wax, with which fome other more folid 
matter was covered. This glafs, which kindled 
£re, and melted the wax at the fun, was not con* 
!cave J for altho* it had by virtue of this figure a 
focus by refleftion, this refleftion which is necef- 
fiu'ily made upward, would have rendered the ufe 
of it very inconvenient, and very litde popular 5 
the fummons muft have been held raifed in the 
air, that Strepjiades might have been able to have 
melted the writing, and it is not at all natural 
thsM: he ihould make this fuppoficion ; whereas, 
with a convex glafs that burns downward, we 
might ftrike what we pleafe. 

The fcholiaft on Arijtopbanes fays upon this 
place, diat it muft be meant of a rounds thick 
glafs^ made on purpofe for this ufe, which was 
rubbed with oil, and heated, to which a match 
was adjufied, or brought near-, for the Greek 
csprefBon is equivocal, and that in this manner 
the fire was kindled. We do Aot very well 
underftand what he means by his oil, unlefs it 
was made ufe of to give a greater polifh to the 
glafs ', but in (hort, which is enough in this place, 
he imagined this glafs to be convex, and it is a 
proof that in his time, which was much later 
than that oi Ariftophanes, it was known that thefc 
glafles burned; 

We havenodefign of making here a learned 
differtation, in which it would be fhamcful to have 
any ftroke of erudition efcape. We fhall only 
oWcrve, that Pliny lib. 36 and 37, fpeaks of 
halls of glafs, and balls of cryjial, which being 
expafed to the fun, burned either the chat hs or 
the fiejh of thefickperfons, whom they intended 

VoLolILN^.26. H to 
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to cauterize. LaSlantius^ in his book of the 
ijiratb of god^ fays alfo, that a glais ball held 
to the fun, kindled fire even in the greateft cold. 
Here is the efFcd of convex glaffes inconteftably 
proved. 

But if they knew that they burned, how were 
they ignorant of their magnifying the objefts? 
For it is difficult to imagine, that an invention fo 
agreeable, fo neceflary, and fo fimple was loft, 
even in the greateft barbarifm, and all the hifto- 
rical monuments concur in fixing the origin of it 
toward the end of the 13th century, when they 
began to difcover the ufe of fpeftacles. If the 
Greek or Latin philofophers had known this aug- 
mentation of objcfts, would they not have made 
' ufe of them in their inquiries, and would th^ 
not have mentioned them in their works an infi- 
nite number of times ? There would have been 
even fpread into their language, as in ours, me- 
taphors, and phrafes taken from them. It is 
true, that there are two or three paljages in 'Plau- 
tus^ which feem to prove optick glaffes ; but 
when we look upon them more nearly, they do 
^ not prove them any longer. 

Why therefore were they ignorant of the moft 
neceffary ufe of the burning glafs ? In the firfl; 
place, the falfe ideas of philofophers upon vifipp, 
may have contributed to it. They believed that 
it was made, either by the flowing of I know 
not what fubftance, which came out of our eyes, 
and went to fearcti for the obj::6ls, or by little rc- 
prefentations of objefts in miniatute which, came 
out of them, and Jouglu our eyes ; all their diffi- 
culty was only to choofe one of thefe two fyftems, 
both equally fulfc; they had no fufpicion of our 
pencils, and foci^ and confequently they did not 
fee any relation between a burning-glafs and the 

manner' 
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manner in which vifion is made, and one of thefc 
things was not like to conduft them to the other. 
Befides, it feems that their burning-glaffcs were 
balls of glafs, either folid or filled with water -, 
and it is demon ftrated by dioptricks, th^t the 
focus of a glafs fphere is diftant from it \ of its 
diameter. If thefe balls were but \ a foot in ciia- 
mecer, which is the greateft they can have, we 
Tiiuft then bring an objed: within i inch | to per- 
ceive that it was magnified ; and it is very natural, 
and even almoft neceflliry, that when we .have 
looked through thefc balls, we muft only have 
ecn very diftant objeds, which have not appeared 
greater, but only disfigured and confufcd -, the 
dear augmentation of diftant objtds requires 
lither very large fpheres, which isimpradicable, 
;nd does not fall into ufe, or very finail portions 
#f very large fpheres, which are in ufc at prefent 
virh great fuccefs, and cannot hardly ever be foupd 
iy chance, nor eafy to hnagine by reafoning. Be- 
ides, to know this, the glafs muft be worked as 
ve do, and according to all appearand*, the an- 
cients only knew how to blow it, and make vef- 
bls of it. It is not therefore furprizing, that 
he knowledge of burning-glaflcs did not carry 
hem farther ; it is much' more fo, that there 
vas not 300 years between the fpedack-s and 
clefcopes. Every thing is (low enough amojig 
u, and perhaps we are juft upon the border of 
tme important difcovery, which v/e ftiall one 
dy be furprized that we were not arrived at. 

IV IL A method oj jiopping horfes Judde?il\\ 

It is faid to be a known fad, that horfes which 
rn away, ftop all at once, if there is any thing 

H I thrown 
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thrown upon their head which' hinders their feeing* 
This being fuppofed, M. Dalefmeha&fht^n a very 
eafy manner of difpofing two lines, which let 
fall at once upon the eyes of two coach hories, 
two pieces of leather which are on the fide, in 
fuch a manner as immediately to hinder their fee- 
ing. Thefe cords may be pulled from within the 
coach, and this would be a very eafy way of 
preventing a very fatal accident, and even the 
Fear of it. 
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O F T H E 

Philosophical Memoirs of the Royal. 
Academy of Sciences at Paris^ for 
the Year 1708. 

I. Obfervations on the quantity of rain^ which 

fell at the royal ohfervatory at Paris, dur^ 

ing theyear 1 707, and on the heights of the 

thermometer and barometer^ by M. de la 

Hire *. 

IObferved ezadlly each day of the year 1707, 
in the eaft tower of the obTervatory on a kvet 
with thsi great hall, the heights of the thermometer 
and barometer, with the quantity of rain which 
fell, and in the fame manner as in the preceding 
years, and as I have there explained them. But ic« 
would be troublefome to relate thefe obfervations 
day by day, therefore I (hall only give the refult 
of each month : the height of the rain which 



fell was in 










Lines. 




Lines. 


Jan. 


Ai 


July 


38 


Feb. 


10 


Aug, 


34i 


March 


II 


Sept. 


9t 


April 


48 


oaob. 


41 


"MsLj 


I'i 


Nov. 


6 


June 


i6l 


Dec. 


27i 



The fum of the water of the whole year 215 
Jioes or 17 inches, 1 1 lines. 

• JaiL 7, X708. 

Which 
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Which varies -very little from 19 inches, to 
which •we have determined the mean height of 
the rain water of each year. Neverthelefs we 
may fay, that this year has been dry, at leaft 
the fpring, fince it has hardly rained at all in 
Ap^iU or f of the beginning of May\ how-, 
ever, the year has been fruitful in corn, as it ge- 
nerally happens in this country, becaufe [the 
greateft part of the ground is cool and moift. The 
1 2 th o{ Augufi^ there fell 21 lines i of water; 
and during the 4, 5, 6 and 7th of OSiober^ it 
rained 34 lines in height with a weft wind with- 
out ftorms. There feH fnow on the fAof MsarrA 
only ; but it melted very foon, and gave f a line 
of water. 

The cold has not been confiderable during the 
whol6 year ; for my thermometer fell at the loweft 
btit to 27 parts f the firft of Ff^. and in the 
greateft cold it falls- to 3 1 , but very feldom, and 
it was at 48 at the bottom of the caves of the 
obfervatory •, which we look upon to be the mean 
ftate of the air. It begins to freeze, when it is 
at 32 \ fo that it hardly froze this year, for the 
thermometer rofe again pretty foon ; it was at 
the loweft at 3 1 inches only, the i ft and 30th of 
December. 

If the cold has not been great, the heat on the 
contrary has been exceflive ; for the thermometer 
rofe to 69 J the 21ft of Aug, the preceding day 
it was almoft the fame, and towards 3 in the after- 
noon, when the air is the hotteft, the thermome- 
ter marked 82 ; thus the heat has exceeded the 
mean ftate 34 parts or degrees, and the cold only 
20 f . Froni whence we fee, that if the cold had 
been as great as the heat was in proportion to the 
mean ftate, the thermometer ftiould have fallen 
to 14, as \i fometimes happens ; for wc fuppofe 

that 
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that the fpirit of wine may dilate itfelf abpve the 
mean ftate, with the fame eafe that itcontra&s 
itfeJf below it. \ 

The reigning wind of the whole year has been 
between the S. and W. as it is always in this 
country ; and it is that which commonly gives us 
rain, and .in. a greater quantity, for it comes from 
the Tea with 'regard to us. But in ^^r/7 and Afoy, 
the. wind was often to the N. and thereabouts. 

The barometer, upon which I make the ob- 
fervations, is always placed at the to p. of the great 
hall of the obfervatory, which is about 22 toifcs 
above the mean height of the river, and this ba^ 
rometer marked 3 lines i Itfs height, than.anothcr 
which is at the fide, altho' they both make light 
in the vacuum by Ihaking the quickfilver. This 
barometer was at 28 inches, 3 lines f the 21ft of 
'November J the higheft that it was the whole year, 
altho* the wind was then toward the W. and the 
sky very ferene ; but the days before and after it 
tended to the N. This is pretty near the greateft 
height that it rifes to here. It fell at the lo^reft 
the 4th of December^ only to 27 inches, i.line, 
which is much lefs than it falls fometimes, an4 
the wind was then towards the S. W. and with 
very little rain. I (hall give in another memoir 
particular obfcrvations upon the barometer. 

The declination of the magnetical needle was 
jo^ 10' towards the W. December 2^^ 1707, in 
the fame place, and with the fame needle, of 8 
inches, which I always ufe. / 



II. 
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Ih A defcriptkn of u new imrmttir^ te 
know the weight of the air ex^fy^ mtb 
fbme remarks on thr common iarmiUr^ 
Sy M, de k Hire *, 

In philofophicai rnqniricst we have i?w| dim 
oocafion to kfiow exadly che weight of dK^r, 
what it is at a certain time and place, and it m- 

noi be certainly known^ but by the mam of 
baromecers. But in the fimplc barometen^ wMdl 
are commonly made ufe of, and which apporto 
be the moft j«ft, we cannot know exaftly rtw 
weighty becaufe of the little height of quickfilfef 
which anfwers to a great height of air. 

For as to the heat which dilates the air, « 
the cold which contrafts rt, they are only parch 
cular accidents in fome particular fpace upon the 
iurface of the earth, which do not increafc or di* 
rriinilh the effcd of the gravity of the whole oiafi 
of air, as may be demonftrated by what follows* 

Let i" there be the phial A, with the bent rabc 
B D, which is fixed to it ar the bottom in B ^ zni 
let there be alfo the little capillary tube EF, 
which is fixed to it at the top. If quickfiJveris 
poored into the tube B D, through the aperlUft 
D, it will enter into the phial, and railc itfdf to 
the fame height as in the tube B D, the air being 
able togooucby th&tube EF, and when then: 
is a little in the phialj we m.^y feal the extremiiy 
of the fmall tube* 

Now J if the phial A is im merged in water, 
luke-warm or a little hot, the air which is in- 
cJofed will dilate, and the quickfilvcr will rife in 
B D, as to G, by the force of the fpring of the 
dilated air, and it will defcend a little, as to the 

•Marclizh 1708, f 1^^^^ Jl- %' i* 

3 height 
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itlght H H, in the phial, fa thit this dilacatioti 

81 makie it fuftain a height of quickfilver H G i 
I if any body was inclofed in the air of th^ 
llliai) it would then be in a much thinner arr 
inn it was before, and yet thisr body would bd 
nore compreifed than it was i for it will be be^ 
id that which it was in the open ^ir, by the 
}ht of a column of quickfilver equal to H Gi 
this dilated air makes the fame effort on all 
B, that it made t6 fopport the column of 
cfilver H G, and this according to the laws 
liquid bodies^ and it borrows this effort front 
\ fides of the phial ; but if this thinner air was 
in fome open fpace about the earth, it matt 
confidered as being inclofed in a thinner air 
ifUth ftuTOands it, of which it would borrow its 
#bit^ which could only be e^al to that of the 
Ar^ which is on the (ides and above it, and in 
Alsrcafe, the bodies indofed in this thinner aif 
mould be no more compreffed^ than if they were 
It the lame height in the thinner air. 
'. But to know cxaftly the weight of the air in ^ 
aeftain place^ and in a certain time by the mtani 
Df the barometer, there have been many invented^ 
iHlich give the difference much more fenfibly tbart 
Am (imple barometer *, but it does not fecm la 
ttie that it has more conveniencies, or is mora 
)aft than that of M. .//wx^^/^j, which is com-» 
monly called the double barometer -, perhaps, bew 
caufe of two tubes, and two boxes, or phials^ 
%hich compofe it. M. Huygens has given a dc- 
fcription of it in the Journal de Scavans of 1672^ 
%tach is as follows. 

This * barometer is compofed of two cylindrr- • 
tal glafs boxes A and B, of equal ihicknefs of 
diameter, of 14 or 15 lines, and an inch in height 
• Plate II. FJg. i 
Vol. III. N^ 26. I Thefo 



98 f he History mdMEMoiB.$ of the 

Thefe boxes are joined by a tube E R of the 
fame material j and two lines diameter on the in- 
fide* This tube is bent at the bottom in R, 
where it joins to the box B, Above this box, 
there rifcs another tube C D, whofe infide dia- 
meter muft be but a little more than a line. 

There muft be between the middle of the box 
A, and the box B, about 27 inches f. 

They fill firft the box A» and the tube ER 
with qutckfilvefj holding it inclined, and having 
voided all the air that was inclofed with the quick- 
fiiver, they raife it up to put it in its vertical 
fituation, where it muft remain, the box A be- 
ing upward, and the box B downward. Then 
the quickfitver muft remain toward the middle of 
the ^box A, as alfo in the box B j and between 
the two furfaces of the quickfilver in both boxes 
there will be the fame difference of height as in 
the fimple barometers, which (hews the gravity 
of the air with relation to the quickfilver fufpended 
in the box A, above that of the box B. 

Afterwards there is common water poured 
through the tube D, in which there is mixed ^ 
q( aqua fo7'!is to prevent its freezing in the win- 
ter, or fome other liquor which is coloured 1 and 
there is as much poured in* as quite fills the lower 
box B, and raifes the water in the tube to pretty 
near its middle in G, fuppofing the gravity of the 
air in iis mean ftate. 

After this conft ruction, M. Huygens atdds, that 
to find I10W much the ditfercnces marked by 
this barometer, are greater than thofe that the 
common baromeft^r can make, there is a general 
lulcj which is^ that the proportion of the diffe- 
rences of this new barometer, to thofe of the com- 
mon barometer, is as 14 times the fquarc ot the 
diameter of the boxes, to once the fame plu5 2 S 
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times the fquare of the diameter of the tube vjrhich 
contains the water. 

This jdduble barometer is very convenient for 
ufe, in its (hewing the change of the weight of the 
atmofphere much more fenfibly than the fimple 
ones ; and if they are conftruded according to 
the dimenfions and manner which M. Huygens 
jx-opofes, they will be about twelve times more 
fenfible than the fimple. Neverthelefs it mult be 
obferved that the exadbnefs, which we ought to 
hope from them, may be a little altered by the 
difficulty that the air may have to a6b upon the 
water of the little tube, and by the height where it 
may remain fufpended above the tube, either in 
rifing or falling, and this height may even change 
without the air changing its gravity. 

For if the water is defcended in its tube by the 
increafe of weight of the atmofphere,* the little 
tube being moiftened in the fpace which the wa- 
ter has quitted, the water will at firft fupport it- 
felf higher than it ought, becaufe its parts are as 
it were hooked together, and to the inner fides of 
the tube ; but it afterwards finks a little without 
there happening any change to the atmofphere. 
On the contrary, when the atmofphere becomes 
lighter, the water does not rife fall enough, nor 
with the fame eafe that it ought, by reafon that it 
docs not a6t freely. But thefe caufes of irregula- 
rity in this barometer might not be fo confiderable 
as thofe of the dilatation or condenfation of the 
liquor, with relation to the quickfilver in the heat 
and in the cold, of which I have made very ex- 
aft obfervations upon thefe very barometers, for 
two years, as I Ihall relate in another memoir, 
which muft increafe or diminifti the charge upon 
the quickfilver of the lower box. 

I 2 It 
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It was to avoid tliefe accidents that I formerly 

propofed to M. Huygms^ who was then retired 
iftto H&liiindi and with whom I had a corre- 
fpondence^ to make Ibme alteracions in his baro- 
meter, that I might not undertake any thing up- 
on this fubjeft, which might make him uneafy, 
Znd alfo ro have his approbanon of it, if he 
thought that the thing deferved it i and this is 
rheanfwer he made to my propofaL Tmrtbmgbt 
f$r ibs dQuhis b^irometir appears to me very g$gd 
md ingemmT-t and I fee ibai iV may bt made t& 
mark jiiU greater differences than m mine^ by 
frchnging at the i&p the tube ^f waiir above the 
tube QfqutckfJv€r. Hague, Aug. 24, 1690- 

After that time, I had neglefted this invention % 
but at lafl I have perfefted it, and put k in fucii 
a rtate, that it will have pretty confidcrable ad- 
vantages over the double barometerSj as M* Huy^ 
gens has judged *, and that they m?y be made as 
fcnfible ;is vve pleafe^ and if it is not more fen- 
fible than hi$ own, it only wants ^ of the quick- 
rilvser. 

The figure * fltews the conftruAion of this ba- 
rometer, which is almoft like the double barome- 
ter 5 but tlic: boxes A and B are only about 4 lines 
and half in diameter i the rhicknels of the tube 
C D on the infide is but a line in diameter^ and 
fhe box K, which is joined to the top of the 
tube CD, is every way hke and equal to both the 
Others, but it mufl: have a little opening at the 
top. The three boxes are each 2 inches high^ 
and the diftance between the middle of the two 
boxes A and Brought to be pretty near 28 inch. |, 
As for the thickoels of the tube, which joins the 
two boxes A and B, it is not at all determined^ 
fpj this tube ferves only for communication, and 
t PJaic IL fig. 3. 
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U is fufiicient, that it be i or 2 lina infide dia- 

The quickfilver is put into the boxes A and B, 
[as in the double barometer, and from the quick- 
lljlver of the box B, to about the middle of the 
^box K, thete are two different liquors, which 
kcinnot mix together, and are diftinguiflied 
I in G» in the litde tube C D, towards the middle, 
[when the armofphere is of mean weight. 

By the conftruftion the three boxes being of 

[equal diameterj they will always have the fame 

height of liquor, or the fame weight upon the 

Iqujckniverof the box B^ in all its different heights^ 

[which will be ,\ of B K, which is the height of 

[the liquors above the quickfilver of the box B, 

In fupp ofifig the liquors fenfibly of the fame 

[weight between themfelves^ and of the fame 

weight as the water^ which is 14 times lighter 

[than the quickfilver, according toM. Huygemi 

">r the liquor will rife or fail as much in the box 

as the quickfilver in the boxes B and A, but 

it will rife in A^ when it falls in B, and on the 

contrary. 

In the alterations of the height of quickfilver 
or weight of air, it is evident, that the lower li- 
quor G B will a£t as in the double barometer. 

My barometer may be ufed as the fimpie baro- 
meter, by flicking a little flip of paper divided 
into f lines upon the upper and lower boxes^ 
which marks the entire lines of the height of the 
quickfilver, which anfwers to the weight of the 
atmofphere j fo chat we may always compare the 
true alteration of the acnmfphcre, with that which 
fhall be marked by the lower liquor, and in (lead 
of dividing the height of the tube C D into parts 
at pleafure, which have no proportion to the 
height of the atmofphere, as is commonly done, 
I divide 
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divide it into two parts, which fhall reprcfent the 
heights of the atmofphere, in lines of quickfilver, - 
which may eafily be done. 

For exaiyiple, having found that the dif^rencc 
cFthe height of thequickfilver in the boxes A and 
B, when the atmofphere is light, and the air u a 
mean ftate of heat, is 29 inches, 2 lines ; and 
knowing the proportion of the weight of quick- 
filver CO that of each of thefe liquors, and alfo 
their proportion of weight to the quickfilver ac- 
cording to their heights, which is 2 inches, 2 
Jines, take away 29 inches 2 lines, and the re- 
mainder will be 27 inches for the true height of 
the quickfilver, which fhews the weight of the 
atmofphere in this ftate, and in the time of ob- 
fervntion. 

This is the reafbn chat there muft be writ over- 
agatnft the point M^ where the lower liquor is, in 
its rube, this height of 27 inches-, and place 
alfo upon the boxes A and B, the two little llips 
of paper divided into | lines, fo that their divi- 
fion which fitall be marked at the height of the 
quick filver be marked 27 inches. 

If you have no regard to the alterations of the 
bulk of the liquors and quickfilver in cold and 
heat, with regard to the mean ftate, nor to the 
different heights of the lower liquor, which is a 
Irtile heavier than the other, it is evident that 
the quickfilver will fait or rife in its boxes, in the 
manner that I have before faid ; for the liquors 
which we fuppofc very near of equal weight, will 
always charge equally the quickfilver of rhe 
lower box. We need therefore only know the 
morion of the lower liquor in its tube, in propor- 
tion to the motion of the quickfilver in its boxes. 
This may be found by experiment, if, after the 
firft obfei'vation when the atmofphere was light, 

there. 
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there be another made when it ihall be heavy^ 
the air beings pretty near the fame (bate pf heat : 
for we (hall have upon the divifion of the boxes 
the height of the quickfilver, which anfwers to 
the weight of the atmofphcre ; and fuppofing it 
to be an inch, that is to fay | an inch upon 
each box, mark the height of the liquor, as in 
Z, 28 inches 5 and divide the fpace M Z into 
the number of lines, which have been obfervcd 
for thefe two points M and Z, which is here 1 2, 
and continue thefe divifions above M and below 
Z, which is cafy to underftand. We fuppofe, 
that the tube and the boxes are of equal thicknefi 
all the way ; if not, for greater juftnefs we muft 
find by experiment other points of height of the 
liquor in different weights of the atmofphere. 

We fee by what has been juft explained for the 
divifion, that if the true height of the quickfilver 
be known that anfwers at one time, as that which 
is here above niarked, to the weight of the at- 
mofphere, there need only be at firft put the little 
flips of paper upon the boxes A and B, which 
mark this height over-againft the furface of the 
quickfilver, and alfo the fame, height at the fide 
of the tube C D, over-againft the furface of the 
Jower liquor, and we have only to know the pro- 
portion of the weight of the fiquors to that of 
the quickfilver, and the reft is done of itfelf. 

Obferve that the aqua fecunda made with ^ 
of aqua fortis^ is to the quickfilver in weight, 
according to the obfervations of M. Homberg^ as 
pretty nigh i to 12, which is alfo the proportion 
of oil of tartar, that is put into the double baro- 
meter, as I have found by the examinations that 
I h^ve made. 

There only remains for me to examine what 
mUft happen to my barometer, by the dilatation 

and 
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'and condenfation of the liquors, and of the quidf^ 
filver in the great cold and hcac. By the expert* 
|inent which 1 propofed before, where I Eook the 
mean ftate of the heat of the air, we found di- 
' ^ifioiis with which we might be contented^ if a 
I great exaftneis was not required ; and Co much 
the more, as there being but little quickfilver and 
I liquor in the boxes of this barometer, the altera- 
tion of heat and cold, beyond the mean ftate, can 
caufe no great difference i yet we may draw two 
! lines parallel to M Z on each fide of it, and very 
near to it, and there mark alfo by experiment, 
[ in the great heat and cold, the divifions which 
; Ihall anlwcr to the heights of the quickClver of 
the boxes, and do alfo the fame thing for ihe di- 
I vifions of the boxes i for as to the different con- 
I ftitutions of the air between the extremes and the 
I mean, it will not be difficult to judge of them* 

Laftly, oil of tartar may be put for the lower 
i liquor, as in the double barometer ; and fpirit of 
i iwine, or oil of petrokum^ for the upper i which I 
[believe to be more proper than putting fpirit of 
limine at the bottom, and oil of pitr oleum at the 
top, becaufe the oil of tartar alters its bulk le& 
I than the fpirit of wine by heat and co!d| neveN 
llhelefs the fpirit of wine approaches nearer to the 
™eight of the oil of peirokmn^ than to that of the 
loil of tartar. But there muft be a mark made 
ppon the box K N, where the upper liquor is in 
certain difpotition of the air and of the armo- 
Ijfphere, to know afterwards how much this liquor 
nil be diminifhed by evaporation, and co put in 
again as much as there was at firft \ but the aper- 
ture of this little box may be hghtly Hopped, 
which will not hinder the air from ading upon 
the liquor i and even a fmaU flender tube may be 

applied 



tpplied to the top erf* this apertui^y W&icfa i;riU 
preferve the liquor longer. 

Iri. Uefle^ms on the mriaiton iftbe heiidli^ 
bbfitved by the Siefur H(>uffaye, ciptatH^ 
commandant of the Jhip L'Aurcfre, during 
thi eycpedition to the Eaft-Indies, made b^ 
the fquadron commanded by the bdrori cfe 
Pallieres, in iyo/{. and 1705, by M. Cal- 
fini the fin ^ I tranjlated by Mr. Ghasnp 
bcrs. 

A journal tif t^ie obfcrvations of the netedl^g 
inade by M. Houjfayey captain of the fbip Ait- 
tora^ in a voyage to the Eaft-'Indies^ in tbe' 
fquadron commanded by the baron de PaUier&Si 
was lent by the commiifion^r of the marine iit the 
eaft to ih^ ca\mt de Pontcbartrane^ according td 
the orders which he had received for that pui;- 
|io(e. This officer, who has acquired great ex- 
perience, in eight feveral voyages to the Eaft-Ir^ 
diest not only relates the obfervations \^bicb h6 
made in his laft voyage, butr atfo compares theai 
*rith thofe he had made in feveral places in his 
former ones, with defign to Ihew the ineteafe or 
diminution^ to which tbe variation is fubjed: ini 
length of time. He has alfo taken care to noce 
the obfervations, which he made in , the fight of 
the capes^ iflafnds^ and coafts in his paQi^ge, and 
informs ite, that he made ufe of ih^iMercaior*s 
chart of Pieter Gaos^ where the firft meridian 

paflTes thro* the pike of teneriff. -; "Having 

therefore a copy of this author^s chart of tl>e 
Eaji'tndiesi we had an opportunity of compar- 
ing his obfervations with the variations laki dov^n! 
* April 2 c* ijoi. 

Vol. hi. N". 26. K \h 
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.in Dr. Hallefs chart,\ allowing for the difference 
of longitudes between the two. . 

At their departure from Port Louis on the 
/French coafts, the variation of the needle. was 
found 5 — ^ north- weft ; in Dr. Halley*s chart it 
is laid down as 6 — | north- weft. 

At 357 — long, and 2 2« north lat. the variation 
was found o ; where in Dr. Hallefs it is noted as 
i"" — f north- weft. 

At 353 ' — 45' — long, and i6° 30'—^ Ibuth 

lat. the variation was found 2^ i north-eaft ; 

where in Dr. Halley's chart it is noted as. 3"- f 

north-eaft. 

At 354"— —long, and iS"" fouth lat. the 

variation was found 3^^ f north-eaft 5 where 

in Dr. Halley^s chart it is 3" north-eaft. 

This fame variation of 3^ — | north-eaft, continued 
as far as 23' — fouth lat. Under the fame lon- 
gitude of 354" — where in Dr. Hallefs chart it is 
'made4'' f north-eaft. 

In thefe plages M. Houjfaye obferves the va- 
riation in 1682 was found 11° north-eaft, 

fince which time it has conftandy diminifhed, fo 
as now only to be 4 or 5" 

The greateft variation north-eaft, which he 

found in this voyage was 6 the longitude 

being 367 — and the latitude 28 — fouthward, 
in which place it is reprefented in the chart as 
fomewhat under 5^ — north-eaft. This variation 
diminilhcs^ as you proceed eaftward, and at length 
turns to^'^the north-weft •, fo that within fight of 
the Cape of Good Hope, and along all the coafts of 
Angola^ as far as Bengal^ it is 9 or 10^ — north* 
weftwards -, and is laid down accordingly in Dr. 
Hallefs chart. 

On the weftern fide of the bank Des Aiguilles^ 
the variation was found 12'' — north- weft, and 

on 



RaYAL Academy of Scjences. 107 

bn the eaftern fide of the fame bank 13^— f to 

14^ and is reprefented much the fame in !>."» 

Halleyh chart. ^^In 1680, M. Houjfaye ohkrvt%' 

the variation at the Cape of Good Hope was only 
from 7 to 7^ — \ north-weft, fince which time it- 
has been continually increafing, as well as at the 
bank Dis Aiguilles. 

Through the whole channel of Mofamhicque'^ » 
from ^5*^— fouth lat. as far as within fight of the' 
bay of St. Augulline^ in the ifland of Madaga/car^ 
the vjfriation is found from 22 to 23^-t— north-- 
weft ; and in the year 1682 was found from 18; 

to 19^ Dr. Halley^s chart for the year 1.70b, 

reprefents it in the bay of St. Auguftine^ as 2 1 ^ — \^ ^ 
which is fomewhat lefs than it was obfcrvcd iiti 
1704, as it ought to be, by rcafon of the annual 
increafe of the variation in this place. ♦ 

Within fight of the ifland of Juan de Nour^- 
the variation was found 22^ — north- weft, where-' 

in the chart it is 20*^ f north- weft. 

Within figh: of the iflands Mayotte^ Amzuatn\,' 
and Moely^ the variation was found 20*^ — 30' — ; 

north- weft'; formerly it was only 18^ and 

in Dr. Halley^s chart is 20^ — north-weft. 

Under the line at 70° long, the variation • 

was found 16^-^ north- weft ; where in Dr. Hal- 
^/s chart it is 17^ — f north-weft. 

At 87° — long, and 15^ — north-lat. the va- 
riation was' found 10^— -30' north- weft ; where in 
Dr. Halley\ chart it is 12^ — north- weft. 

Within fight of Canary at 16^ 30' north 

^y and all along the coafts of Malabar^ the va- 
riation was found 6^ 30' north- welt^- 

^here the chart makes it 8^ — north- weft. 
AiCapeComorin in the variation was found 7^-i- 

jo north- weft J in the chare it is 7^ f 

north- weft. - • 

K 2 Within 
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Within fight of P^:^t Gallc^ in the idand of 
Citlon^ the variation was found 5*^ f north- 
weft in the chart it Is 6^ — ■ — \. 

Near the coaft of Coromaniel^ the 
\?as found 5^ 
in the chart. 

In the iftancls AnJaman and Nuobar^ the va- 
riation was found 3^^ norths weft, precifely as 
in the chart, 

Withinfight of the ifland D%-3 i2e?in^«eif/, the 
variation was found 16*^ — ^30' north- weft> which 
in the chart is rp^ north- weft. 

Within fight of the ifland Maurice^ the varia- 



tion was found 21^ 



north-vvcftj where the 



chart gives it 20*^ 1 north- weft. 

Within fight of the ifland Bourbon^ the varia- 
tion was found from 21°— | to 22^— north* 
weft, where the chart gives it 21^ ^' ■ — nonh- 
weft. 

At 74*^ long, and 25^—^ foqth lat. the v^* 

riation was found 23^^ — f north- weft, where the 
phart gives it 22"^^ — | north- weft. 
, At 7a^ — 45' long, and 27^ — 15' fouth lat the 
variation was found 24^ — go' — where ths chart 
gives it 23*^ — north weft. 

The fame variation continued as Ikr 65^— 

45^ long, and 33*^ — fo' fouth lat, where the 

phart makes it 2 2^ — f north -wdi 

From this place the variation continually di- 
ininiftied, as they proceeded towards the Cape 
dis AiguiiUs abouE: the middle whereof at 35**^ — • 
30' lat. the variation was found 13^ north- 
weft, and within fight of the Cape of Gmd Hope^ 
and alt along the coafts of Angola^ as already 
mentioned, from g^ — f to lO*'-— north-weft *, 
in pr, HalleyS chart the variation at the middle 
of the bank Des Aiguilles is 12*^^ 
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At the C€tp€ of Gmd Hope fomewhac aboTC 
10^ — and along the coafts oi Angola from 9! to 



10^ 



As you proceed hence towards the ifland of 
St. Hdma^ the variarion gradually diminifhcs % 
fo that within fight of that ifland, on the eaftern 

lide* it was found i ^- or i ^ f north- 

weftj where the chart gives it fomewhat above 
I (? north- weft. 

At the ifland of Afcmfim^ there is no variation, 
or at moft not a degree north-eaftwards ; the chart 
gives it y of a degree north-eaftwards. 

Proceeding hence for France^ as you pa 6 the 
line at 357 or 358^ of longitude, there is no va- 
ri^ion. The chart gives it a variation of f a 
degree north-eaftwards. 

As we approach the A^^ns^ the needle begins 
to decline nprth- weft wards I fo that within fight 
of the iflands Corva and FUra^ we find a vatia^ 
uon of 4*^ to 4^ -30' north' weft- 



ward^, where the chart gives it 5^^ f 

north- weft ward- 

As we approach Tirn-Neuviy the variation 
increales to 7 or 8^^ and at length on the coafts 

of Br it any dwindles to 5^-^ north- weft, as was 
obferved at our departure from Pari Louis. 

Many of theie obfervations agree exaftly with 
thofeof Dr J/W/0^scharr>and the generality of thetn 
only differ about a degree, which muft beallow*d 
3" very great pitch of accuracy, confidering the 
difficulty of making ex^6t obfervations of the va- 
riation at fea* This difierence may alfo in fomc 
meafure arife from the annual change found in the 
variation of the needle, which increafes in fome 
places and diminilhes in others, as appears from 
thefc obfervations. - ^ For at 354^—- longi- 

mdq, and 20^^ fouthern latitude, the variation, 

i^hich 
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which: is north-eaft, has in 22 years dwindled 
from, ii^-r— tp 5. At the Cape of GoodHvpei 
the variation, which is north- weft,- has in 24 

years increafed 2 or j^ and in the channel .of 

Alcfambicque, near the bay of Sc. jiuguftine^ .k- 
has in 22 years incrcafed 4 or 5^ — . 

IV. Experiments and obfervatiom on the di- 
latation of the air by boiling ivater^^yM. 
de la Hire *; tranjlated by Mr. Chaiiibefs. 

M. Amontons had long difcovered by experi- 
filerics, thit the heat of boiling water can only di- 
Jatc air to a certain pitch, whatever degree of fire ' 
be .employed to make it boil ; when he propofed 
to the academy a new thermometer, whereby to' 
difcover the relation between the heat of air over 
tbo. whole earth. 

His experiments were chiefly made with a ma- 
chine very ingcnioufly contrived, tho* fomeWhat 
compound and difficult of application, by means 
whereof he compreffbd the air, in a glafs phial,* 
with 27 inches of mercury, beyond its natural 
compreffion from the weight of the atmofphere. 
This- phial was joined to a crooked glafs tube,' 
wherein was mercury 27 inches above that in the 
phral, the ufe of his machine was to bring the 
mercury to this height, then he plunged the phial 
with its crooked tube in cold water, which at' 
laft be placed over the fire till it boikd vigoroufly; 
and this experiment being performed before the 
academy, it was obferved, that after the water 
boiled, the mercury fuftained in the tube rofe no 
higher, tho* the fire was confiderably incfeafed, 
than it did when it nrft begi^n boiling. 

* ]'S\y 24, 1 70S. 
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' This experiment I thought very curioa% but 

-did not conceive why he made it with air com- 

-preffcd with 27 inches of mercury beyond its na^ 

tural load. To conclude from thence, that the 

.air, fuch as on the furface of our earth, without 

-further comprcflion than that of the weight of the 

atmofphere,. dilates itfelf by boiling water about 

•J. of its former bulk, fince in ihcfe conciufions 

fcveral things muft ncceflarily be fuppofed abouc 

the nature of air, whereof we have no fatisfa^or/ 

knowledge. 

The firft experiments made by M. Amontens^ 
led him infenfibly on to execute what he hud pro- 
je&ed,v/itbout giving him room to diink of another 
fimpler, and confcquently jufter method of at- 
taining it. This was what induced me to make the 
following experiments of the dilatation of air^ 
and its force, when heated by boiling water, to 
fuflain a certain height of mercury without intro- 
ducing any; foreign preflure, more than what a- 
• rifcs from the weight of the atmofphere, at the 
time and place of experiment. I took a glai^ 
tube * A B C, bent m B, and to the cxtnc- 
mity thereof C, faftened a phial D 2 inches ia 
diameter, the tube was open in A, and its dia- 
meter about ;^ of a line on the infide. Thus far 
agrees with the phial and tube ufed by M. Amon- 
tons ; but ic being impoffible to pour mercury 
into the tube, without compreffing the air in the 
phial, I fattened another very flender tube E F 
over the phial, which opening into it, let the air 
cfcape in proportion as the mercury entered the 
tube A, till having poured the mercury into the 
tube ABC, about 2 lines higher than the aperture 
of the leffcr tube in the phial, I fealcd the extre- 
mity F of this lefler tube, the mercury being noir 
• Plate II. Fig. 4. 
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at the fame height m the phial as in the tube AB, 
and confcqucnrfy the air in the phiaU no more 
comprelTed than the external air» which M. Aman- 
iom had oot been able to attaiiv in pouring his 
fnercary into the tobe^ as be hirafeJf confeffes in 
the nnemoin of 1699, which was doubcieis what 
led him to comprcfs it with 27 inches beyond its 
natural load, to make its compreflitkn about dooble 
of what it ulualjy is, 

I cbferved at the fame time the height of the 
barometer, which was 27 inches, 7 lines f, and 
the thermometer ftood at 42 degrees, which fe al- 
ways at 48 in the vaults of die obfervatory* and 
makes what I call the mean ftate of the air be- 
tween heat and cold, the weather being moid: 
with a fouth wind^ and the day the 1 1 th of De- 
€ember^ 1705.— Without nrioreado, I put the 
phial in water, and the water over the fire» lill 
making it boil violently, the mercury rofe 8 
inches, 5 lines in the tube A B above that in the 
phial ; but the third of 27 inches, 7 lines \^ is 
9 inches, 2 hnes I, and confequcntly the air in 
the ftate it was in, before its being dilated by 
the heat of the water* did not fuilain a height of 
mercury equal to | of the weight of the atmo- 
Ipherc, buc lefs by 9 lines \. 

This operation 1 repeated on the 1 6th, of Fek. 
1706, with the fame phial as before^ wherein the 
mercury had been left ever fmce, rhc Htrle tube 
ftill continuing fcalcd^ but this time the tbrmo* 
meter only ftood at 38 degrees, and confcqticnt- 
]y the air in the phial was more contraiStd than 
in the farmer experiment, when the weather 
was warmer, and ijefides the barvjmerer now ftood 
at 28 inches, 5 lines, and confequently the at- 
mofphere was 9 lines \ of mercury heavier than 
before- On both thcfi: accounts^ the mereury 
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ihould have fallen in the tube were it was left, 
and was found accordingly i inch, 6 lines lower 
than that in the phial. 

. Opening therefore the end of the litde tube, to 
give room for the external air to prefs upon the 
mercury in the tube, it prefently rofe to the famo 
height as that in the phial ; then fealing the little 
tobe anew4 I put the phial in water, which I 
made boil ; but found that the mercury now only 
rofe 8 inches above that in the phial, which is 5 
lines lefs than before, and 14 lines i lefs than f 
of the wdght of the atmofphere. 

And yet as the air was colder and heavier, and 
conieqaendy a greater number of its fpringy par- 
ticles contained in the fame compafsof the phial^ 
the heat of boiling water, which was the fame 
in both experiments, (hould rather have increafed 
its eSkEt^ and made it fuftain a greater height of 
mercury; but the contrary being found, we mufl: 
of noceflity confefi, that the nature of the air is 
tmknown to us, unlefs we fuppofe that the weight 
of die atmofphere a<5ling on the mercury in the 
tube had more force to deprefs the air in the phial 
than the boiling water liad to make the mercury 
rHe, by opening and unfolding the fprings of 
the air inclofed in the phial. 

^Tisirue^ that according to the fuppofition of 
M. MariottCy which M. Amontons makes ufe o£> 
to infer the dilatation of air by boiling ^ater, to 
be I more than what it naturally is, vtz. That 
the fprings of air are compreffed in the recipro- 
cal ratio of the weights, we Ihould always find 
the fame ratio between the weight of the at- 
mofphere, and the weight of mercury raifed in the 
tube, as between the compreflion of the air by the 
weight of the atmofphere, and the effort made 
by the fame mercury in the tube to comprefs the 
.Vol. III. N°. 26. L quan- 
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quantity of air firft contained in the phial. whicFr 
effort makes what we call the dilatatiori of the 
fpring;s of air by boiling wafer to fuftain a weighty 
tho* in reality rhefc fprings be not dilated j for 
the heat of boiling water acting on the air in- 
clofed in the phial, makes no fenfiblc aheraticm 
in its bulk, while it obliges the mercuiy to rife a 
certain height in the tube, to make an equilibrium 
therewith. *Tis therefore this height ot mercory 
in tile tube, that always balances the effort of ihe 
boiling water on the air in the phia! ; fo that this 
air in the phial mLift now be confidered as com- 
I -preffed by the weight of tl>e atmofphere, and the 
height of the mercury in the tube Hkewife, tho' 
before it was only comprcffed by the weight of 
the armofphere ■, and as the bulks of the air in 
the phial are to be in the reciprocal ratio of the 
incumbent weights, it will amount to the Hime 
Qs introducing into the phial^ where the mercury 
undergoes no fenfible change of heigh t> a quan- 
tity of air comprelTed by the two caufes, the 
weight of the atmofphere, and of the mercury in 
the tube, which had the fame ratio to the quan- 
tity of natural air in the phial j and this air like- 
wife comprefTed by the two former caufes, as the 
weight of the mercury in the tube would have to 
the weight of the atmofphere over the fame bale. 

For an inftance. 

Suppafing the weight of the atmofphere equal 
to 27 inches of mercury, the height of the mer- 
cury in the tube 9 inches, and the capacity of the 
phial 4 inches, which hA we fappofe full of air^ 
compreffed by the weight of the atmofphere, be- 
fore the mercury rifts in. the tube. When the 
mercury is rifen 9 inches in the tube, the phial ftill 
remaining full of air, this air muft be compreflcd 
(herein beyond what it was before in the recipro* 
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iCal ratio of the incumbent weights, which are as 

" t7 to 36^ or 3 to 45 lb that it amounts to the 

fame things as if an inch of this compreffcd air 

Tiad been iotrodoced into the phi^l, which inch of 

comprefled air would be the meafure of the effort, 

with regard to the 3 inches, into which the air of 

, lbs whole phial would be reduced, which would 

balance the g inches height of mercury in the 

ibc i whence it follows, that this fuppofedquan- 

ity of air introduced into the phial, which is the 

[meafLire of the ctForr of boiling water on the air 

[|ji the phial ^it being the boiling that makes this 

[^effort) will always bear the fame ratio to the 

juantity of air naturally comprefTed in the phial, 

fas the height of mercury in the tube bears to the 

[Ibeight of mercury, which balances the weight of 

^ibe atmofphere. 

Examining therefore our two experiments by 

, this rule, we fhall have for the firft effort of the 

IJjoiJing watcr^ with regard to the weight of the 

atmofphere, 8 inches, 5 lines, to 27 inches, 7 

lines I, which is nearly as 10 to 33 j but for the 

fecond, we Ihall liqtve it as S inches to 28 inches, 

ig lines, which is nearly as iq to 35 j- j whence ic 

rappears, that this ratio is far from j of the weight 

of the atmofphere ^ and farther in the fecond 

^experiment than the firft. Accordingly M, Jmon^ 

ions does no: call it -| 1 for he only learned it by 

induction but nearly j< 

All our rcafoninga hitherto upon the dilatation 
of air by boiling water, is founded on the two 
Known properties of air, wz, its being a fluid, 
,wd its parts being fpringy v for as to its weighty 
it need not be regarded in thefe experiments, 
where its height in the phial is fo inconfiderable v 
fq that all the properties of fluid and fj^ringy bo- 
L 2 4ie4 
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dies may be attributed to the air in thefe experi-f 
ments. 

Hence the mercury fhould only rife in the tube 
to a certain height, where it has fufKcient force to 
bend, or ftrain the fprings of the air, to render 
it a balance to icfelf, which height will be the 
fame upon the furface of the mercury contiguous 
to the comprcflfed air, whether we fuppofe a 
great deal of air, or a multitude of fprings, or 
only a few, for the fpringi will fuftain each other, 
and arc all fuftained at laft by the pirietes of the 
veffel they are contained in. . 

This appears the more probable, as in taking 
one of thefe phials with its tube ABDE *, and 
pouring mercury into it by the tube E Py till it 
rife to E in the tube D E, which is open, and' 
only to F in the tube D B, which is faft^ed to* 
the phial A B underneath B. 'Tis certain, that 
the air ih, the phial, and in the part BF of the 
tube BD, will be compreffed more than the ex- 
ternal ^ir, as being loaden with a height of mer- 
cury E F-, and in this cafe, if the whole phial be 
taken away, or only its communication with the 
tube B D in B be flopped, *tis eafy to infer, that 
the mercury will ftill remain in F, and neither 
rife nor fall in the tube B D, tho* the compreffed 
air in B F have no longer any communication 
with that in the phial, which is comprcfled Jike- 
wife by thefe experiments, therefore it appears in- 
different, whether the phial be fmall or great 
compared to the thicknels of the tube. 

Neverthclefs as neither the contraftion nor ex- 
tenfion of fprings is infinite, but both of them 
have their bounds, it follows, that ftriftly fpeak- 
ing, they muft not obferve the ratios of the in- 
cumbent weights, even for a little change of 
weight; hence we have room to fufpeft, that 

* Fig. 6. this 
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thk caufe alone may make foime alterations in the 
experinrients of the compreflion and dilatation of 
air, and as in fuch a fluid as air, compofcd of 
fpringy particles, there may be fome particular 
property unknown to us, which niay hinder its 
aftiag after the fame manner as other flqida. I 
have cndearoured to make fome difcovery here- 
of, and with this view contrived the following 
«pcrimcnt, which tho^ it bears fome refemblance 
to the former, is very different in the proportion 
of the tube to the cjuantity of air to be dilated by " 
the boiling water. 

I took the glafs tube* ABC, bent like a fy-' 
phon, one' branch whereof AB was 15 inches 
long, and the other BC only 8, its extremity was 
drawn into a capillary tube CF, and the inner 
diameter of the fyphon was ^ of an inch. 

The fyphon being inverted, I poured mercury 
into it, which rifing equally in both branches of 
the fyphon, I only left 3 inches height of air in 
the fhorter branch, viz. from P to C, then feal- 
ing the extremity F of the capillary tube, I }n- 
ftantly phinged the tube in water, which I made 
to boil. Upon this, I found that the mercury in 
the long branch AB, only rofei inch, 8 lines | 
above the level of what was firft in the fhort 
branch BC ; but the mercury now fell as faft in 
the fhort branch, as it rofe in the long one, which 
was open a-top, and confequently the mercury 
rofe 3 Tnches, 5 lines ; and the long branch above 
that in the fhort one : when the boiling water had 
dilated the air contained in it, the barometer then 
ftood at 28 inches, 3 lines,^ and the thermometer 
at 36 degrees |. 

Now this experiment where the 3 inches height 
of air contained in the tube BC, rqpitfent a little 

*^^'^' phial 



Il8 The Hist DRY and Meho I Rs^ the 

phial^ with regard Co the large tube AB, whereia 
rfie mercury rofe, gives nothing like what wc 
learned from the two former ; but as the air di- 
lated by the boiling water^ poffeffed a greater 
fpace than it did before, which was not found in 
rbc former experiments, it could not- here fuftain 
fo great a height of mercury* as it did there j and 
jf we enquire bv the rule of the air's being com- 
prefled in the reciproca! ratio of the weights, what 
quantity of mercury mull be added to the long 
tube AB ; to reduce the ^ir, heated or dilated by 
the boiling water, to its former bulk of 3 inches, 
\ye fliaU find upwards of 21 inches required \ for 
it will be as three inches of air contained in the 
tube arc to 31 inches 8 lines, which is the weight 
of the atmofphere, with double the dilatation of 
the air in the clofe tube ; fo are 4 inches 8 lines 
I, which is the whole air dilated in the clofe tube 
to the height 49 inches 8 lines |, from w^hcnce 
fubftrailing the weight of the atmofphere 28 
inches, 3 lines, and likevvife the fall of the 
mercury in the clofe tube, which is 1 inch, 8 
lines T, the remainder is 19 jnches, 9 lines, the 
height of mercury in the open cube, above that 
in the other tube% required to reduce tlie air in 
the clofe tube, which is dilated by the boiling 
water to its firft bulk of 3 inches and yet it 
Ihould only be about 9 inches |, which is \ of 
the weight of the armolphcre. Hence therefore [ 
learn, that the quanriry of the inciofed air, upon 
which the boiling water ads, may occafion a great 
diverfiry in the refult of thefe experiments, and 
it would even feem to follow, that a litik quan^ 
tiiy of air, dilated by boiling water^ become^ 
more forcible than a great one. 

Another experiment I made with regard to what 
yiMugmt had publifhed in thcMimjimie Trc^ 

VOMX 



^k?^ux for 05. 1705, obferving what M. Amontons* 
j had advanced in the memoirs of the academy, that 
ihc air is dilated j by the heac of boiling water, 
\ of its natural bulk, he made three feveral expe- 
riments to be fatisficd of it. By the iiift, 

he found that air naturally comprefied, as upoi^ 
ihc furface of the eanh, is dilated by boiling wa- 
ter in fuch manner, that the fpace it now polFefies 
is 10 its natural fpace, as 2 to i, or 4 to 2, aad 
floc as 4 to 3, according to M. Amcntons ; and 
j he ohfcrves very judiciouny, that the air» in his 
' experiment, was not dilated to its utmoft extent^ 
by rcafon part of this dilated air was encompaflcd 
with cold water, but makes no mention of ano- 
\ ther caufe, which I ike wife prevented ics dilating, 
^jRfz, the weight of the cold water, which had rofc 
^b»ove a bole, made in the bottom of the phial 
^Knmerged in the water. 

P» M, Nugueth fccond experiment was fomewJnt 
I different from the former^ and by this he found 
the dilated air to the natural air, as 16 to 1 > but 
as he does not regard the height of the water m 
the boiler, whereby the air was dilated by means 
of a hole at the bottom of the phial, fo great a 
I dilatation muft neceffariiy havecnfued. 

His third experiment likewife gives the ratio 
[ of dilated to natural air, as 1 6 to i ; but I do not 
I conceive how he could make it after the manner 
I he relates ; for the cold water no fooner enters 
^■|he phial plunged in the boiling water, thaa the 
^^hial ftiould break. 

He obferves upon thefe three experiments, that 
the firft is very wide from the other two, which 
could never have rofc from the finglc caufe af- 
figncd by him. 

The laft of them I repeated with all the ^cir- 
cumftance' he mentions, and found that the bulk 

of 
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of the air, dilated by the heat of boiling wacef^ 
was to that of natural air as 5 to 2, or as 2 f to i 
nearly, which is very lar from 16 to i, as found 
by him. 

The great difference among "thcfc experiments 
fhews, that there are fome circumftanccs not at- 
tended to, which may produce great effcdts in the 
nature of air, and that we muit be warned clfcj 
from drawing any general confcquence from a few 
particular obfcrvations, and condemning others, 
drawn from obfervations in the fame cale ; what 
then occurred to me, as to the reafon of the diflfe- 
rence between M. Nuguct^s obfcrvation and mine 
is as follows. fc " ' M. Nugttet ufed a little phiai, 
which only held 2 ounces, 7 drachms ^ pfwatcr^ 
whereas that I ufed, held 25 ounces, and as we 
can never judge fo well from an experiment ia 
little as in large, there might fome diverfity arifc 
from this quarter. I alfo obfcrved from M. iVii- 
guet*% account of his obfervations, that he firft 
.filled his phial with water, and then emptying 
it, put it in the boiling water to dilate its airi 
now the little water, which might be. left thcrcs- 
in,^ being raifed into bubbles, which would bd 
put into a violent motion by the heat, I fan^ 
cied, might not only extend the fprings of the 
air^ but that pofTefling a large bulk, they migbt 
have carried off, as they iffiied* from the phial'* 
rooft of the air contained therein ; as we fold in 
<eoiipiles, which blow fo vehemendy for a con- 
fiderable time, till no more water is Idt in the bowl. 
By this means only a little air muft have been \th 
in M. Nuguet*s phial ; whereas that which I ufed 
being firft well dried, the heat had nothing to 
ad on, but the air contained in ic ; but as all air 
abounds more or lefs with watry particles, if this 
cffeft had any place in thefe experiments, we 
we Ihould always find great differences in thofe 
3 made 
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made like the two former at different times^ 
when the air was probably more replete with wa* 
ter at one time than another : from whence thofe 
of M* Jmontms were exempted, by reafon they 
were made wiih three different phials at the fame 
dmc. Thii induced me to believe, that the moif- 
tune of the iir, when heated by boiling water^ 
might poflibly make confiderable differences as 
to the dilatation of the air, tho* it could not gee 
tmt of die phia], as being retained by the mer- 
cury* 

Bat being aware how wide our reafonings fre* 
jfjacody are from the truth in phyfic^l matrcns I 
rciblved to repeat the txperiment I had made upon 
chedilat.uionof air by boiling water in a phial, and 
immediately after to make aiiothcr with the Hime 
phial, with a little water in it, cither to confirm 
or overthrow the notion I bad conceived about 

ihe diiferencc between our experiments. 

Accordingly the 18th of July^ 1708, the baro- 
meter ftanding at 28 inches, and the thermome- 
ter at $5 degrees, which in the vaults of the ob- 
servatory ftood at 48. The wind being wtfterly 
and very moift with a little rain, I took a new giafs 
phial, as dry as the conftitution of the air would 
allow of, and weighing it, found it 6 drachms f 1 
then (topping it well with a cork, thro* which I 
Imd put one of the legs of a fma!] glafs fyphon, I 
cemented it well to the cork with fealing-wax, 
leaving the other leg of the fyphon on the out- 
fide. This phial I put in cold water, hokling 
it down, fo as both the cork and the f\'phon 
were immergcd, raking care only to fink the 
irouth of th^- phial a little below rhe furface of 
the water, for fear the water fhould make way 
by its weight into the phiaL 

yoL.IILN^27, 
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This water being placed over a good fire, I 
prefently perceived a multitude of Httlc bubbles 
begin to arife from the end of the fy phon, which 
fhewed th^u the air in the phial was begiotiing to 
dilate, and iiTae at the end of the fyphon, by 
the heat it had conceived from the fire i but as 
the water heated more and more, the air bubbia 
rofc from the fyphon with more precipitation, 
which continued till fuch time as the water boiled 
out right, when there were bubbles ftill Icen to 
arife, tho* much left than before* 

After the water had boiled fome time, 1 took 
It off the fire, keeping the end of the phial and 
fyphon (till under water, that as the water in the 
copper, and the air in the phial fliould come to 
cool, no pardck- of air might get into the phial, 
cither by the fyphon, or any little pores, that 
might be found in the cork v and to fliorten the 
operation, I laded fome of the hot water off, and 
fupplied its place with cold, which was conti- 
nued till the water was entirely cooled j then 
taking the phial out, I found a good deal of wa- 
ter had entered it, while we were waiting for the 
cooling, and as a mark, that the air left in the 
phial J was of the f^me denftry as the external air, 
a tittle water was left in the part of the fyphooi 
which traverfed the cork, and was fufpended 
and counterbalanced within the air in the phial 
and the external air. 

Taking out the cork therefore and the fyphon, 
and wiping the phial well on thecutfide, I found 
it weigh with the water in it 4 ounces, 2 drachms, 
then filling it with water to the height, whereac 
the bottom of the cork had been, which was e- 
qual to the i ulk of air it contained when I pytk 
water, I found it weigh 5 ounces, % 
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equal to an ounce of water, and from 5 ounces, 
2 drachms, the weight of the water in the whole 
phial, with the phial itfeJf, fubftrading the weight 
of the phial 6 drachms |, as I found it at firft. 
The remainder is 35 drachms j, which is equi- 
valent to the whole air in the phial, when I put 
%t in water. 

. Hence I infer, that the whole air of the phial, 
paturally cQmprefled by the weight of the at- 
mofpherc,. was to that which remained after its 
dilatation by boiling water, as 35 i to 8, which 
is ibmewhat lefs than 4 i to i. Yet is this di- 
iataticHi much greater than what I had found bcr 
fore, which was only as 2 i to i : hence as the 
air was very moift in this laft experiment, I had 
reafon. to imagine, that the particles of water 
diffiifec} thro' the air, might be the occafion, as 
I ha(i- before fufpe^led of this e^ctraordinary dikr 
cation; for further fatisfaftion therefore I in- 
ilantly proceeded to my laO: experiment, as I 
had before refolved. 

. I poured' the water out of the phial, and cpn- 
teating myfelf to fhake it well without drying, I 
4ve?ghed it as before, and found it 6 drachms |, 
aqd i I grains ; fo that there were 1 1 grains of 
water ftickiqg to its infide, then fitting in- the 
^ork and fyphon, I repeated the experiment as 
|>efore, without omitting the lead circumftance. 
The refult was, that the phial was found quite full 
.of water, and that the ratio of the capacity of the 
phial to the remaining part, not poffeffed by the 
water, was as 35 | to i, as I found by weighing 
as before. Hence I can no longer make any 
doubt, but that a little more or Icfs water in the 
air, may occafion great variations in thefe expe- 
riments, fince bare 1 1 grains of water in the pre- 
M 2 fent 
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fcnt one, pr6duced an effeft 8 tim^ greater thafi 
jn the formtr experiment 

But tho' the phyfical account ftiauld b« diM* 
lowed, yec the experimenfs will ftill ftand incon-^ 
teftable, whereby liich d liferent dilatations of air 
by boihng water arc produced % fo that we mwf 
at Icaft infer hence^ that no cxaft llandard of he^C 
over the whole earth can be had by this irjethod, 
not even with ufing phials and tubes, like that 1 
fird- ufed. and which differs but little from thofe 
ijf M. Amontons^ which are hardly portable. 

Upon the >vhole, were it not better, in lieu ©f 
this contrivance J to fubilitute good fpirit of mm 
thermometers, all graduated alike by careful expe- 
riments^ without niinding thofe equal divifiom 
. conntYionly placed on them, which are of no ftt' 
vice for making an ex.i6t comparifon v fince 
there is no knowing whether the infides of the 
tube* thro* their whole lengthy nor the propor- 
tion of the bowl to the tube ? AH required lo 
this end, is to make feveral fuch rhermometen 
flearly alike^ and plunge them all into frozen wa- 
ter, leaving them fome time therein, and then 
marking the height of the liquor in each tube, the 
other divifions may be made after the fame man- 
ner, by warming the water gradually, and im- 
merging all the thermometers in it, car^j muflr be 
taken withal to mark a point, which may ht 
called the mean degree between heat and cold % 
as that where the fpif-it of wine (lands in the 
tubes in the vaults of the obfervatory, where it 
tondnues alike all the feafons of the year. Hence 
we might alfo learn, whether the deep mines and 
caverns of other countries, where the tempera- 
ture of the external air cannot reach, afford iht 
fame degree of heat as ours, and whether the 
Ndiffcrcncts of foil occafion any variation therein, 
3 V. 
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lefeBions on fome ^bfenuitions tf the 
vanalwn of the necdk^ made in a voyage 
to the South-fea^ aboard the Jkip Maurp* 
pas, by M, de U Verune, commandsr of 
the/aid Jki^^ with fame remarks m the na* 
iHgation of the coajis df America and Terra 
del Ftiego, by M. Caffini/V/^*; tranjlated 
AyMn Chambers, 

The abbot Bigmn has lately given us the ob<^ 
lirvat ions of the variation of the needlcj made m 
the ^i^ M^iurepas in its voyage to ihiSouth-fui^ 
iaiheyear 1706* 1707, and 1708, wherein cafe 
is laken lo note that the Jongitudes are reckoned 
from the meridian of the pike of ^emriff^ which 
I i|^ve us an opportunity of comparing them with 
the variations laid down in Dr. HalUy*s chare. 

Thefe obfer vat ions being v^rj numerous, we 
fliall content ourftlves to give the refok thereof 
and only noiefuch as were made tiear, or in fight 
of any ifUnds, orcoaft, and which will admit of 
an exact com pari fon. 

On i3^ %j\h oi Dicember^ ijoS^ at 345*^— 
44^ longitude, and 20^ — ^44^ fouch latitude, near 
the ifland of Afctnfiouy the variation was found 

7*^ 30'north-eafl:. In Dr. ffalleyhch^n the 

variation at this place U fomewhat above 7^— . 
nonh-eaft. 

In HecemhiT^ ^7^1* ^t 297^ la'longi* 

tttde, and 56*^ — 6 fouth latitude, near the 

ifland of the Hermit^ the variation was found 

ao^ north-eaft ; where in Dn Haiieyh 

chirt it it 20^ 30' north-eaft. 

At 310*^ 30^ long* and 52*^—19' — — 

fotJlh Jat. near the iflands of Sitali^ the variation 

• Jiily 21, 1708. 

was 
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was found 23^ — ^r- north-eaft. In the chart it 
is 2 1 ^—30' — north-eaft. 

In the other parts of his courfe, both going and 
returning from Cape Horn to the equinoflrialj the 
variations obferved, commonly agree with thofe 
in the chart wichin a degree. 

As to the variations in the Soutb-fea^ Dr. Hal- 
ley has not laid them down in his chart, for want 
ofobfervatidns of them j for which reafon I have 
endeavoured to fupply in fome meafure that de- 
fcft, by drawing lines to fhew the degrees of 
variations, from the obfervations made along the 
weftern coaft o^ Americ2. The obfervations I 
chiefly make ufe of, were made near the coafts, 
which I fhall here relate, according to the order 
of the latitudes. 

• In Auguft^ ^7^7'i ^t 300° — ^o' longitude, 

and 13^ & — fouth latitude, near the point 

Ctinette^ and that of St. Gallandi the variation 
was found 7^ north-eaft. 

At 297^— -27^ long, and 14^ — i' • 

Ibuth ktitude, near Pifco^ the variation was 
found 7^ north-eaft. 

• At 297^ 30' — long, and ^i^ 49' * 

fbuth lat. near Valpare^s^^ the variation was tbund 
8<^— — north-eaft. 

At 299^ 25' long, and 36^ — ^30' — 

/fouth lat. near the Conception^ the variation was 
found 10^ north-eaft. 

• From thcfe obfervations it appears, that the: 
variation of the needle increafcs along the wef- 
tern coaft of America^ as the fouthern latitude in- 
creafes, which is further confirmed by fcveral 
obfervations, made at a little diftance from this 

coaft. For at the latitude of 44^ — 49' — ►, 

the variation w as found 12^ north-eaft. 
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At the latitude of 48 ^^^5 8' — the variation 

was found 13^ — north-caft. 

At the latitude of 53 ^ — ^3 f— the variation was 
found 15^— north-eaft. 

And at the latitude of 56^— —42' — the varia- 
tion was found 17^ — north-caft. 

In other parts of the fhip's courfe, where it 
appears by the longitude expreffed, that it was 
•feveral degrees diftant from the co^fts, the varia- 
tion is laid down differently under the fame pa- 
rallels, which may ferve in fome meafure to de- 
termine the diredion of the lines of variation, 
which we hope to be enabled to reftify by the 
obfervations that fhall hereafter be communica- 
ted; for bcfide that there are feveral of thefe 
obfervations, which it is very difficult to recon- 
<!ile, we fhould have feveral made at different 
diftances from the coafts, ere we can pretend to 
determine the direftion of thofe lines with any 
precifion. 

I fhall here add feme obfervations of the varia- 
'tion delivered by Dampier^ in his voyage round 
the world. 

At the iflands of Sebalt^ which he calls Sibk de 
iVardy anddefcribes them as 3 iflands fituate at 
5 1 ^ — 25' — fouth latitude, he found the variation 
in the year 1683,23^ — 10'— north-eaft. I have 
already mentioned, that the variation was found 

^ear thefe iflands 23^ -o' — in the year 1707, 

^^hcnce it appears that there has been no fcnfible 
^iiFerence in the variation during the fpace of 24 
"years, which feems to confirm what we have 
^Ifcwhere obferved, that at Cap Horn the varia- 
tion has not altered in the fpace of 100 years. 

• At 47^ — 10' — latitude inthtSouth-fea^ Dani' 
^iir found the variation i5^-^\ nbrth-eaft. 

And 
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, And at the ktitudc of 36^ — he found the va- 

riation 8° north-caft, 

, By which lift obfcrvatiDns it appears, that in 
the Soutb-fm near the weftern coafts of yifi»<friVtf, 
|he variation continually increafcs* as you recede 
from the equirioftiai, agreeably to what wc have 
already infered from other obftrvations. 

To thcfe obfervations of the needle, M. Clai' 
ramhaut^ who fent them to the count di Pmi^ 
fb^rtrane^ has joined fame remarks on the navi*- 
gacion of the callcrn caafts of Souih America and 
Terra del FnegGy made by M^^ ia Viruni i which, 
together with a particular map of diofe countrieff 
which he has promifed to fend, may ferve to rec* 
rify fcveral fea-chart5, wherein he finds the iflands 
about Cape Hern prcpofteroufly placed* 

His firft remark is, that the coafts from C^p€ 
Si, AntbQny^ at the mouth of the river de la Pla- 
ia to the ftraits of Magellan arc laid down, a 
point of the compafs more eafterly than they 
xeally are. 

Healfo obferves, that the diftance between the 
ftraits of Magellan to the ftraits of le Mmn^ as 
well as the fituatioDi are very ill expreffed in the 
common charts \ for by his account, thofc two 
ftraits are 55 or 56 leagues diftant, and that of k 
Maire is fuuatc^to the north-weft 5^ — north of 

the ftraits of Magellan. But ir may be 

here obferved, that in Dr, Halleyh charts printed 
in 1700, and M, Delifie^s chart of the ftraits of 
Magellan, printed in 1703, thofe two ftraits arc 
laid down very agreeably to his obfervations. 

He alfo obferves, that the Terra del Fuega is 
not near fo large, nor fo much ibuthern as was 
imagined ; and adds, that Cape Horn^ which the 
comn>on charts place 57^^ — 40' — fouthcro lati- 
tude, is only ^^^ 40' fouthern latitude. 

He 
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He adds, that the iflands of BarneveU^ which 
the charts place in tlic fame latitude with Cape 
Hwn^ are finaate weft-north- weft of that Cape in 

56^- — 33'^— latitude, In which he hkewife 

agrees pretty nearly with M. Ddiji^s chart above* 
mentioned* 

He further obferves, that the iflands of Barne* 
Vili are the mofl: fouchern lands j and that chere 
is no danger in pafling between thofe iflands and 
CapeHorn. ThediHance from theftraitsof /^ Ma/rtf 
m Cape Horn^ which is caft-north-eaft wards of 1 
that ftrait, he obferves is 60 leagues, which a- ] 
grccs very well with the diftance exprefled in Dr. 
Haliey'$ chart i but much exceeds that in M. 
DeiiJleX 

After doubling Cape Horn^ there is no far* 
ther difficuky^ the chares being all good, as well 
as the coafts found, and the weather moderate a- 
long Chili and Peru, 

M, di U Verum niakes fcveral other curiou^ 
and ufeful obfervations on the navigation of thete^ 
feas i he points out the favourable feafon for paf- 
jing Cape Hqth^ and how to behave both in go* j 
ing and returning. The ifland Hermit he placcij 
24 or 25 leagues from this Cape eaftward, inj 
die lame latitude^ and makes it t8 or zoleagueij 
in compafs. He alfo determines the fituation of they 
ifland Sebaliy whofe eaftern point is fituace N.N.E. 
of the ft raits of le Maire^ at about 55 leagues 
diflance s Jind he takes them to form a kind of 
archipelago. At his return he faw them very di- 
llin<5lly, and found their fituation very difterent 
from what is commonly fuppofed. He gives 
them an extent of 55 or 60 leagues, and notes 
that to avoid them, they are obliged to range the 
^erra del Fuega^ or to make a large circuir, 
[fhen the wind does not allow it, LaltSy, he ob- 

VoL.lILN^ 27. N i«^rvcs. 
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fervfijs, that the lands of Brazil are kid down 
more cafterly than they really are, by which 
means all the (hips; which go from the ftraits of 
Magellan or le MairCy find on their arriyai at 
Brazil an error of fomc 200 leagues. 

i 

VI. Conjectures on the pofition of the ifand 
of Meroe, by M. Delifle *. 

In -fall Ethiopia^ which is a country of very 
great extent, there is nothing more celebrated a- 
mong the ancients than the ifland of Meroi\ nor 
any thina fo difficult to find among the moc^rni, 
or that they lefs agree in. if what the sincient$ 
have faid of it be true, this ifland <;oo}d arm 
2^50,000 men, and maintain 400,o©C) artificers. 
It contained a great number of cities ; the chief 
of which was that of Afifr^i^, which has commu* 
nicated its name to the ifland, and ferved for a 
refidence to the queens, tepa 6? metropolis M- 
thiopum. I fay to the aucens, becaufe ft fcem$ 
the women reigned in this country to the ezchl- 
fion of the men. In the time of Auguftus^ it 
was a princefs with onefeye indeed, but of a Tnaf* 
culine courage, virilis fane mulier^ fed altera (h 
(ulo capta. She made an irruption into Bgypt^ 
which at that time belonged to the Remans^ bwi 
was obliged to fend ambaffadors to jfugufius. At 
the death of our faviour, there reigned another, 
one of whofe eunuchs was baptized by St. Philips 
ais may be feen in the /iils of the apojilfs. When 
Nero fent feme of his guards into this country, 
to fearch for the fources of the Nile^ it was alfa 
a princefs that reigned there, and all thefe three 
were called Candace -, but we fee by a paflage of 

•Nov. 14, 1708. t Plate II. Fig. 7. 
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PUt^ ithac this name ^M^ fer a longfifM be- 
come coffikflfion ta the queens. 

If Inft€>rtcal diflcrtttkms were AifTered hert, in- 
ftradcif mchin^ only pblloTophkal and mathcma*^ 
tical difcoflSoils, we fhdutd relate what Biadtn'tts 
and other authors have written to the advantage 
of thb ifland ; but We muft |)ar$ to the difficulty 
that there is to dirlkovtf it in the miDdern geo« 
graphf. 

This difficulty proceeds a Kttfe from the me* 
moirs, that #e have upon E^bhpia ; for we tmift 
aot hci|>o^ that without a reafoikable knowledge of 
the prefeot ftate of the worlds we can make the 
rdatKm of the ancient geograf^y to the Aew* 
When they firft began in Europe to hav^ com-* 
merce ^ith the kings of Ethiopia^ there were 
fonie writers of no veracity, who, upon flight 
iofoniiatioiif, ia^A many things far from the 
truths which threw the world into numberleft 
errors^ from which we have hardly yet been abte 
to recover 5 and it is upon the credit of thefc 
writers, that fuch wretched maps have been made, 
sad that thefe places have been fo many ways dif- 
figured, that an ambafikdor of the king of Etbi^ 
^pia faid, in Egypt^ to young Thevenot, that our 
goc^aphen bad ftUed their country with mon- 
^$ and chimeras. 

It is true, that the jefuits, who have been pretty 
k)ng in this country, have given us better infor- 
matiofw of it, and have made a map upon thd 
fpot wery different from thofe made in Europe^ 
Bcfides F. BaUbazar Tellez, F. Nifolas GadtKho^. 
M. Liidolff and others have §iven us dcfcriptions 
of the country upon much furer memoirs ; but 
they have only dcfcribcd that part of Eibicpia^ 
which we cail Abjifinia^ and not that which we 

N z ^ call 
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call Nuiia % and yet this was neceflary to enable 
us to decide the queftion with any peripeftuity, 

I fliall not therefore undertake here to decide if, 
but the memoirs that I have received from that 
country under the proteftion of M, k C^mte de 
Pantchartrainy enabled me to propofe at leaft 
fome conjectures. M* du Roule^ the king's en* 
voy into Ethiopia^ as well to obey the orders of 
the miniftcr, as to acquit himfcif with more ho- 
nour of the glorious employment, with which his 
tnajefty had honoured him, had taken in E^ft 
all the information necelTary for the road he was 
to go, which was none of the leaft difficult parts 
of his commilTion, He had made a deicription 
of Nifiia^ and of the courfe of the NUe^ upon 
the dcpolition of many Schekks^ or chiefs of ^fa- 
milies, who had travelled 15 or 20 times into 
Elbhpia^ as well by the Nile^ as through the dc- 
ferts. He did me the favour to communicate ta 
me what he had learned ; and \i is upon his me- 
moirs that I fliall propofe my conjedures. 

The ifland of Meroe was indubitably upon the 
Nile. The fource of the NUe^ which was fo 
long fought for in vain by the ancients, is in la^ 
of norih-iatitudc. Its catara£ls, a little lefs cele- 
brated, buc much better known than its fource, 
are 23^ I, and it is certainly between thefc two 
^ pointp, that the ifland of Mcroe muft be. 

The ancients have fa id, that this ifland was 
formed by the con courfe of the J/ldhras and the 
JV/7f, and by another river named jijtape^ which 
fill Is in like manner into the Nile. That this 
ifland 'was terminated on the weft by the iV>7f, 
[ and was bounded on two other fides by the Ajiafe 
f^mnd AfiabQtasi which fhews that ir was buc im* 
properly called an ifland, fince it was not inclofed 
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all fides, and it muft be like that which w&] 
call bene l^IJIe de France. 

Notwithftanding lb formal a dcfcription, Mer^ 
War and Orielius have reprefcnced the iHand of 
Meroe^ as formed by two arms of the Nile^ and 
called it Guegmre \ and almoft every body have 
fuffered themfelves to be carried away by the au- 
thority of thefe two geographers^ upon whofe 
credit they boldly pronounce^ that the iHand of 
Miroi is now known under the name of Gmguere, 
j Neverthelefs the iflands that are formed by the 
: Nile alone above the catara£ts are all fmall, which 
cannot agree with what we have faid of the 
iargeneft of that of Meroe^ nor with the number 
of its cities and inhabitants, and bcfides there is 
^BOt one that approaches to that ofGueguere, 
^P The jefuits, who have been in Ethiopia^ are 
rperfaaded that the ifland of Mero^ is nothing elfc 
but the kingdom of Gojame^ which is almolt en- 
I lirely inclofed by the river JVi7^, in the manner of 
a peninfula^ as may be feen in the map i but 
. ihis peninfula, which makes the kingdom of Ga^ 
I Jame^ is formed only hy the Nile^ not by the 
Aftapiy nor by the Afiaboras^ I mean not by any 
river that could be fuppofed to be the AJlapi and 
the Afiaboras^ which is contrary to the defer ip- 
rion which the ancients have given of it, Befides 
the city of Meroi^ the capital of this i{land, muft 
have been placed between the i6 and 17th de- 
gree of north latitude, as Ihall be hereafter (hewn ; 
and the kingdom of Gojame does not go beyond 
the 13th degree. In fhort, if that which wcnow 
call the kingdom of Gojame, had been the ifland 
of Meroe^ fo known by the ancients, would they 
not alfo have known the fources of the Niky 
which are without difpute in the middle of this 
' ingdom? 

Ifaac 
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Jfaac Vqffms^ of the royal fociety of England^ 
is one of thofe who lately has laboured tbc inoft 
ufcfblly at geography ; and alcho* his pretended 
reformarion of the longitudes has done him w 
honour, he his nercrthelds made excellent io* 
quiries in thefe geographical works. He pre- 
tends that i\\Q pininjula^ made by ihe river Ma-* 
rek on the fide of ks foorce, by a dxcuit almoft 
equal to that whick the Nile makes about the 
kiirgdom of Gsjamff, is the ifland that we fcarch 
fcr; but befidcs, dmt this ifland is formed only 
by one fingle river^ and not even by the NiU^ 
contrary to what the ancients have faid oi it^ this 
peuinfula, formed by the Manb^ has neither the 

I Mtent nor the fituation that the ancients have 
given to the ifland of Mer&L And what abfo-. 
Ititely deftroys this opinion is, that the city of 
Mcrce, the capital of the jQand> was upon the 
Nik ; and that the ifland, or fminfula of Mm* 
Tik^M very diftant from it. 

Ceiiariusy whofe geographical works arc now 
famioui among the learned, has coUefted in his 
ufaal manner all that the ancients have faid of the 
ifland of Mt'm; but he does not give any inrel- 
ligence of the prefent ftate of that country, with- 
ouc which we cannot conclude any thing; be only* 

:fcerrts to approve the opinion, which confoundS' 
the kingdom of Gajami with Merce^ nbich I 
liaTC joft refuted. 

F. telitz^ a jcfuit, after having weH confidercd 
all that the millionarrea of his focicty have writ- 
ten upon Eibwpia^ is perfuaded, that this is an 
imn^inary ifland. If I had believed, that fucli- 
an opinion could make any impreffion upon one's 
mind", I would begin by refuting it i for it is 

[ufelcQ; to rcafon upon a thing that is not, or at 

'Icaft whofe exiftencc is doabtfui : but it i% ftningc 

that 
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tliat any one can doubt of the cxiftence of the 
iftand of Meroiy after what has been noted hf 
the ancients with relation ca it, Piiny affirms^ 
that Simouides flayed there 5 years \ ami that if- 
ter him Arifiacrsm. Bian aiid Bafilis have de- 
fcribcd its length, breadth and diftancc from iha 
city of Syese and tbe Red*fes^ its fmirfulnefs, 
capital ciry, and h;Jve even rdatcd the number 
of its quoeos. 

Ludolfj who has not been able to find thit 
ilkndt any more than F. Te/tez^ has not how- 
ever doubted but that irv fomc mcafure it extficd % 
but he pretends^ that it muft be fought for mori 
CO the weft than has yet been done» and that it ii 
atnODg the countti^ to which we do not travel 
That if afrcr ail the inquiries that fhall be madev 
it is not fouod, we may fay that ibme arm of 
the Nile is dried up, and that this is the reafofi 
that we cannot difcover it : but this author is not 
aware^ that thofe who have lately travelled over 
Eibhpia^ have long coafted the Nik^ and thaC 
rhey mail::, on the contrary, have left the ifland 
of Mer^e to the eaft, finct the Nile bounded ic 
oci the weft -, and that thus it muft be looked tor 
CO the eaft and not to the weft, as he fays. And 
as to the rivers drying up, I own that there are 
many of tliem in Africa^ which having flowed 
fome rime through fands or fpongy groufds, 
weaken infenfibly, and at lafbdifappear ; buc wc 
do not put the Nile nor the Ajiaboras in the num- 
ber of tbefe rivers ; and the power, or rather the 
licence of geographers, alrho' great, docs not go 
fo far as to dry up rivers of this confequcnce. 

Since therefore we mull find the ifland of Af/- 
rci\ and as ic i% the duty of a geographer to 
make the parallel of the ancient geography with 
the new, we may conjedure, tlut it is this (pace 

of 
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of ground which is between the Nile and the ri- 
vers 7acaz€ and Dender \ and I am going to en- 
deavoiir to eftablifli this conjefture by the fitiia- 
tion of this country, which appears to me con- 
formable to that which the ancients have given 
to the ifland of Mene, by the rivers of which k 
is formed, by its extent, by its figare, and by 
fome other fingutariiies common to the ilknd of 
Merocy and to the country I have juft pointed 
out. 

The fituation of a place, or country^ is pro- 
ved by the degree under which it is fituated 1 and 
by the diftance of this place, or country, from 
other places that are known to us. The city 
which is the moft known of all thefe countries is 
the ciry of Syene : the latitude of it is not at all 
doubtful i and this is a fixed point, from which 
we may without fear, meafure the places about 
it* Pliny * affirms, that on the day of the fummcr 
folftice at noon, bodies do not make any (hadow; 
and for a proof of it, they have caufed a well ro 
be digged, which at that time is quite light. In 
Syene oppido^ filftiiii die medio, nuUam umkr^m 
jaciy puteumpie ejus experiment i gratid fa^untj 
iotum ilhiminari, Strabo has faid the fame things 
in other terms, which ihews, that the city of 
Syene is juft under the tropick of Cancer^ at 2 j^ f 
of north latiaide* Now ftomSyme, to the city of 
Miroe^ according to the &mc author, were rec- 
koned ^^oDoftadta^ in going toward the fouth; 
and thefe 5,000 ftadia reckoned in aftronomical 
mcafurcs, make 7 degrees of a great circle, and 
give the pofition of the city of Meree^ at 15^ i 
from the equator. 

This pofiiion of the city of Meroe^ which 

agrees pretty juftly with that which P/(?/^ify* gives 

it in the 4th book of his geography, is a!fo con- 

•Lib IL cap. 73. " firmed 
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firmM -by another paflage in Pliny^ who fays^ 
that tk^ city of Meroi has no fhadow at al], any 
more than that of Syene \ and that this happens 
twice in the year, when the fun is in 18'' of iau- 
rU3^ and 14^ of Leo, In Meroe, qu^e eft capiU 
geniis j^thiopum, bis in anno abfumi umbrasy 
file^du^diVkeffimam T/iuri partem^ & quartam de- 
€imam Le^nis 9btinente. Now it is certain, that 
when the fup is in theie degrees juil mentioned, it 
has about 16 degrees i of dedination, which is 
the latitude that the ancients have given to the 
.city of Miro'i^ and which refults from its diftance 
from that of ^jy^f. 

I could alfo prove by the climates the pofition 
of the city of Meroi : The antients have placed it 
in the middle of the firft climate, of which the 
longeft day k 13 hours^ which gives by calcula- 
tion 16 decrees |, which is the fame latitude that 
. W€ have given to Meroe upon obfervations, and 
upon its diftance from the city of Syene\ I have 
neglcdled in this calculation the refra&ion, becaufe 
it does not make any confiderable difference. . 

The ifland of Meroe was formed by the river 
HJlfj and two other rivers, which came from 
the eaft, as we have iaid. Infiuunt in Nilum, 
lays StrabOj duo flumina ab oriente delata^ &f 
Meroem ingentem infulam compkSiuntur . I can- 
not tell whether the antients knew any other ri- 
vers than thefe two, that flow into the Nile on the 
eaft fide ; but we fee by the memoirs of M. da 
. Rtnde^ that there are but two confiderable ones, 
the rivers Tacaze^ and Dender. The river Tacaze 
being as big as half the Nile^ has very much the 
appearance of being the Aftaboras of the antients : 
this is the opinion of Juan de Barros^ the Livy of 
Xht Portugueze 'j and two things will not permit 
me to doubt it. The firft is, that according to 
. Vol III. tJ^. 27. O the 
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the jefuirsj who have been in Etbhpia^ it enters 
into the Nik at 1 7^ f of latitude, which is within 
fome minutes near the fame height that Pt&knr^ 
gives to the outlet of the Aflaborm^ 700 Stadia 
below the city of Merciy as we fee by Siraboy 
Dhd&TUSy and others. 

The fecond ching that makes me believe the 
Tacaxs to be the lame with the AJiaboras is, that 
this river is other wife called Atbara^ as we fee by 
the relation of the fcheiks of Nubia ^ and by that 
of a Recollet who has paffed this river in going 
into Ethiopia, Now the nzmtsAibara and Afi^- 
//^^r^j are not very different. I fuppolc that the 
Aihara is its true name, and that the Greeks have 
altered it as they have done many others, fince 
that ft ill happens pretty often to thofe who are 
obliged to ufe foreign names in their writings. 

As for the river AJiape^ it will probably be 
that of Vender ; for there are only the two rivers, 
Aibara^ and Bender^ at Icaft that are of any coo- 
fideration, which enter immediately into the Nik 
on the caft fide- 

The extent of the country that I have pointed 
out^ is pretry near the fame as that which the an- 
cients have allowed to the ifland of Merd^ Dtodo- 
rus^ and Strribo have made the length of it 3,000 
fl-;idia, and the breadth ijooo \ that is to fay they m 
have allowed it 120 leagues of length, and 40 " 
of bre^tdth, which agrees here pretty welt; whereas, 
neither the kingdom of Gojame^ nor the Peninfula^ 
formed by the river Aftzrf^, approach to this extent. 

And not only the extent is the fame^ but alfo the 
figure ofa buckler, which D/^itfrtf J and Strsbo give 
'to ihe iftand of Merca, fufficiently agrees with the 
ctHintry that I Ipeak of. Perhaps a fltilful painter 
migh: not think it ex aft *, but we muft nor look 
lor all the regularity of defigning in the figures that 
3 the 
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antients have given to countries, no more than to 
oft that they have given to the conftdlations. 
There would be but one thing to apprehend, 
lat the plan, which I here reprelcnt, was not 
rcry certain 1 and that to prove what I have ad- 
nced, I had only accommodated it totheopi-^ 
Aion of the ancients, like the Lr'Ji/i an architeftSp 
who finding it difficult to fuit the ftones to their 
moddt made their model conform to the ftone. 
But to that I anfwer, that it is tiie rivers which 
make the figure, and the greatetl part of this plan, 
and that thefe rivers with their fpriogs, their 
courfes, and their outlets^ are drawn from the 
map that K Htironynw Lob^^ Francifco d\4imsyd^^ 
and other Psriugmze y^imt% have made upon the 
fpot ; that they are taken from the verbal depofi- 
tions of die tcheiks of Nubi^y examined fcparately 
by yi.du Roule from the itineraries o{ aar French 
]efuits, and of the Sieur Poncei-^ whofe travels 
t\ li Gobiens caufed to be printed, and from fome 
other manufcript travels of Italian Recolkis^ fent 
to that country by the congregation de propa- 
andafidej of which I had collated copies. 
Bcfides the affinity that I have related between 
e ifland of Meroe^ and the country that I pro* 
fe to reprefent it, there arealfo fome others* as 
e rains, the fruitfulneis of the country, and th?* 
ming of elephants, 

Sira&o fays, that the regular rains begin only 
Merci V and Pliny, that thofc who were fent 
' Nera to fearch for the fonrces of the Nile^ be- 
n to find in thefe places trees> and plants, berbas 
m^m circa Mcroem fyharumqus aliquid appa* 
'Hfffe^ cettrafoliludtnes. And it is ex:i<Sly the 
bicrvation, that K Brcvedeni has made in ihefe 
ery places. We quitted^ fays he, the city of 
Vr/f, and the river NiU\ to enter into the doferr 
O 2 of 
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}Of Sihmda, We began to fee trees and plants, 

; the rains being firft met with in thefe ^quarters, 

whereas all the reft to that place was only wa- 

* tered by the overflowing of the Nihj or by the 

means of machines which raifed up the water to 

fpread it upon the grounds, and this Poncet d^ 

: elates likewife in his itinerary. They might well 

[fay like PHn)\ c^lera foliiudines^ they who had 

I walked many days in fand, or parched grounds^ 

' vherc they neither found water, nor grals, nor 

J any thing but frightful folirudes. And without 

I doubt it was in thefe defert places, that Camtyfis^ 

' king of Perfia^ having loft part of his army, was 

obliged to return into Egypt\ without arriving at 

that part of Eihhpia which begins to be culri* 

vated and inhabited \ whereupon we cannot enough 

I admire the vanity of rhofe Gre^k authors, who 

'would not willingly be ignorant of any thing, 

\ and who to find the origin of the name of Miroi^ 

^ have written, that Cambyfes had taken this city, 

^nd had changed the name, which it formerly bore, 

into that of his fitter, who was called Mirccy and 

that this prince Is was buried there* 

' They have very much praifcd the fertility of 

' the ifland of Meroi^y and the great number of tr* 

inhabitants 1 and this agrees perfedly well with 

► the country of which I fpeak. F, PauUi^ a je- 

iiu't^ fays, that beyond the Ntlt^ over'againft 

ISmna^ the country fwarmswith people i and th:it 

I there may be feen thoti Hinds of little villagcs'fpre;id 

(over the whole country, 1 have a journey from 

I the fame city of Sennar to Saudquem^ an lOand 

[and port of the Red-fe^^ wherein it is faid^ that rh« 

I^^Duntry which I defcribe, is well cukivared^ and 

Peopled, And in the defcription oi Nubia^ made 

yf i\'L du Roule^ upon the relation of the people 

'of the country, it appears, ihar in thefe plates the 

tartli 
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k fo fruicfiili that they have three harvefts in 

liic, it is a Jittle above Meroi\ that they be- 
^ fee elephants according to Pliny, The 

I PtQlomys^ kings of Egypt j and among others tlic 
famous Pbiladelpbus^ who was fo attached to the 
■riCDowledge of nature and of the fciences, fenthU 
^Hver to hunt ihetc great animals, and had built 
H|)me places for the convenience of thoic tliat 
^Werc fcnt thither ; and it has been obferved in the 
journeys from Scmwr toSouaquem^ which I have juft 
otiooed, that beyond the river Atiaray toivard 
le fame height that is pointed out by Pliny^ they 
and in the oiountains great quantities of elephants^ 
d nn^iny other forts of animals, ,( s v 

It leems to me that to complete the probabifity 
my conjefturc, there needs no more than to 
find the city of Aierc'c itfclf iji the iOand that I 
;\ve juft fpoken of, or at kaft to di fee ver the 
ins or remains of it. li^Jofephus and Hdiodorus 
were to beaedited, who place it at the uniting of 
iC Nik and Jfiaboras^ it would not be difficult j 
e need only look for the conflux of thefe two 
rivers which woukl not be doubtful ; but it is well 
known, that Hdiodorui^s hiftory of Eihiofia is 
only a romance, and there is great likelihood, 
that the little llory which yefipJkus makes concern- 

I' g MQfe^^% expedition into Elhiapia^ when he 
as, fays he, at the court of Pharaoh and gerteral 
" bis troops, does not merit any more credit, 
ice it is not found in the fcripture, nor in Phib % 
us it will be better to have rccourfe to Sirah^ 
who fays, that the city of Mnci was 700 fiadia 
above the union of the JJlaboras and the NHe^ or 
to Pliny who makes it 70,000 paces. There is 
found toward thefe places the city of Guerre^ that 
ur travellers fav is one of the molt coniiderable 

of 
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flCtfas tUAitiy. Mflgbc ic aot be vQBT 0C3CCS ciH 
Miru, cr Ga£^9£riy bj x Sxz cc nscSapQcadoo ? j 
Bdcciiere a pcriops n rifhncfi ni cjriflas nucr 
coDJcdurs fo &r, aod cbe a rBfnm proiEfies a fe-" 
▼ecee£iane& ia dieiocpsncsiziDCiiiii. 

VIL RfJkBians ot /At eifirvativss imads If 
F. Laval, ^z S^ Rinm, ^pti 9tber ntigk^] 
touring miiuntainSj by M. Caffini^ pa^'. 

tranjlatfd by Mr. Chambers. ' 

Among a namber of aSronomiciI and googr*^ 
phscal obfenrations lenr by V. Larczl^ to die coaiC 
deFcntchartrain^ there are federal of the be^^ 
of tbc barometer made at St. Bavm^ and 5*. Piim^ 
on diflerent days, and at difiercnt times of t£ac cfafK 
which he has compared widi thofe made at tne 
feme time at his obfcrvatory at MarfeilUs. 

The better to perceive Dhc relation between 
thofe obfenrations he has made a cable, id 
the I ft column whereof are exprcffed the days 
di the month, and times of the day, when fbclfi 
obfervations were made. The 2d exprefles ^Satt 
hdghts of the mercury at the obfervatory at ilffl^S 
feilles.Thc 3d and 4th the heighth of the mcrcuiy' 
at the fame time at St. Baum^ and 5/. Pilon. AnS^I 
the 5th of the height of the thermometer at5f. 

Jan. To thefc are added 3 other obfei 

tions of the barometer. 

The I ft made at the foot of the rock St. Pih 
where it ceafes to be perpendicular, and 

with the flopeof the mountain.* -The 2d 

the mountain des Beguignes^ eaftward of 5/. PiM!^ 

■And the 3d in the plain below 5/. Baumi 

called the plain d^Aups. ^ 

* Dfec. 22, 1 70S. 

To 
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fcrmine the height of thofe places with 

leach other, he mcafured a bafe line of 

ims in the plain d*Jups^ and from the 

Df that bafe obferved the angles between 

and the mountain dis Beguignes^ then 

ie angles of the apparent height of thofe 

ks, he found the height of the mountain 

^is gcotnctrically to be 264 fathom 

fe plain d*j4ups, and that of Si, Film 

|m above the fame plain, which fets the 

Idcs Begujgnes 83 fathom above SLPikn. 

iFor the height of the bottom of the rock 

T ft obfervation was made, the rock be- 

idicular from S£* Pihn to this place, he 

nvenience of meafuring it with a cord, 

it 63 fathom, 

10 find the refult of thefe obfcrvations of 

leter made at Marfeilles^ and the places 

compared with the feveral elevations 

tre taken geometrically, we afe firft to 

that the height of the obfervatory at 

r above the furface of the lea is 24 fa- 

which 2 lines and \ of mercury cor- 

IS appears from the table in the memoirs 

5 therefore taken the differences between 
ts of the mercury found at the fame time 
ervatory, and at St. Pikn^ which arc 1 5 
r, and whereof the fmallcft is 2 inches, 
and the greateft 2 inches 1 1 lines |, 
^ihe mean between them all, which is 
ko lines 5I, to which we added thez 
rrefponding to the height of the obfcfrva- 
rc the furface of the fea. The fum 3 inches 
re||, is the deprefiure of the mercury 
to the elevation of 5c, Film above 

of the (m. To which, in the tabic 

above 
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abova quoted, anfwer 481 fathom, the height 
of 5/- Pihn above the fea accordiag to the baro^ 
-meter. 

So by comparing the obfervations of the 
meter made at the lame time at Marfdlles^ 
01 St. Baum^ which are 16 in number, the 

I dmalleft difference in the height of the mercury is 
ifoyiid 2 iikrhe* 5 lines |» and the greateft 2 
-inches 6 lines ^ 1 and taking a medium between 

hthemall, we have 2 inches 6 lines /g» which 
added to 2 lines f , for die height of die obferva- 
tory gives a inches 8 lines ^f> for the height of 
St. Baum above the fc!3, die number correfpond- 
ing to which in the table is 415 fathom |, which 
fubftraded from 481 fathom, the height of 5/. 
Pikn above the }ca leaves 6§ fathoms f for the 
height of St, PHon above St, Bmm. Yet 

[this height by Father Lai}aP% menfuration with 
a cord, was only 53 fuhom^ but the difference 
between the heights of St, Baum and Si. Pflmh 
too fmall for any rules to be eftaoliihed thereon \ 
we (hafl therefore proceed to examine what refolts 
from the observations of heights, whofe difference 
is greater^ as the plain d^Aups^ and the mountain 
des Beguignes^ which is 284 iathom aborc the 

If fa me. 

The height of the barometer on t\m mountain 
was found on the 29th of June 24 inches j line^ 

jat which time the mercury at MarfeUies was 27 

|, inches 4 lines high, which gives as a f^ill of 3 

:inches 3 tines between the oblervatory at Mar- 

^feilles and the top of the Beguigms^ adding there- 
fore the two lines f for the height of the obfcrva- 

itory above the fea» to thcfc 3 inches 3 lines, wc 
1 have 3 inches 5 lirfes j of mercury for tlic 

^height of the inountain desBeguigms above the fur- 
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face of the fea, the number correrponding to 
which in the table is 559 fathom, i foot. 

On the fame day the height of the mercury 
on the plain d^Aups was found 25 inches 6 lines, at 
which time at the obfervatory at MarfeilUs it was 
found 27 inches 4 lines \^ the difference is 1 inch 
JO tines :J, which added to 2 lines \ for the height 
of the obfcrvatory above the fca, gives 2 inches 
o lines ^^ for the height of the plain d^Aups above 
the fea, the number correfponding to which in the 
table is 298 fathom, 1 foot|. This fubtlnifted 
from 559 fathoms, the height of the Beguignes^ 
above the fea, gives 261 fathoms for the height 
?f the mountain Beguignes above the plain 
fAupSf according to the different heights of the 
irometer, compared with the table above*men- 

^ned, which height F, Laval determined 

geometrically to be 264 fathoms, the difference 
lerefore is only 3 fathoms : which is a precifion 
reatcr than w^ could ever have expeded, con- 
icriiig that an error of \ of a line in rtie obler- 
rations of the height of the barometer, fufficcs to 
lake this difference. 

So, if from 481 fathoms, the height of 6";, P/- 
!m above the fea according to the barometer^ we 
fubftract the height of the plain a*Aups above the 
fea, which we have found to be 29 S fathoms, 1 
foot I J we fhall have the height of Sl Pi Ian a- 
bove the plain d^Aups^ 182 fathoms, 5 feet, 
which is only i fathom, 5 feet more, thanF, La- 
val had determined it geometrically. 

From thefe obfcrvations therefore it appears, 
that the difference between the heights of two 
places may be found with fufficient ex.idnefs, by 
ferule above laid down, provided the height of 
the barometer, at the furflice of the fea, be known 
at the lame lime. For want of an obfa^ation at 
^QL. Ill, N^ 27, P the 
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tbe furfacc of the fe^, we may iuppofe the mean • 
height of the raerqury there to be 28 inches i but 
then we mull not cxpeft to arrive at this preci- 
I ♦ fion, 

Rtfie^ions on the apparent depr^im af ih bori- 
zon of ibe fee. 

The height of St. Pihn above the furface of 
the fca, being found by obfervarioris of the ba- 
rometer, as we have elfe where fhcwn, to be48i< 
An enquiry may be made into the obfervatioos 
of the apparent deprtfllon of the horizon of the 
fea* made by the fame fatlier on that mountain, 

Thefe oblervations he has reprefented in a ta- 
ble, wherein are eicprelTed the ftatc of the air 
iuid the wind, which blew at the time of obfcr- 
vationj together with the correfpondent height of 
the barometer and thermometer, i\^j,, ,,,• 1 

The greateft apparent depreffion of the hofizon 
ol the fea wasobferved on che 25th of June^ at 
3 in the afternoon^ to be 57 , 45'^ — the wea- 
ther then being hazy, and the wind at north- weft ; 
the fmalleft was found on the 26th of June in the 
jiiorning, to be 56' — o'' the fky being very 



clear, and the wind fouth-wefterly : taking there* 
fore a medium between thefe two obfcr vat ions, 
which difter i* — 45'^ — from each other, we fhall 
find the mean apparent depreffion to be 56' — 52* 
Suppofing now the kmi-diameter of the earth 
to be ^271600 fathoms, as we found it by our 
obfervations in prolonging the meridian, we fliall 
find, chat ut the height of 5/, Pilan above the 
fea, which is 48 1 fathoms, the real deprc0lori of 

the horizon (hould be 58^-^ 57^' which is 

greattr by 2'^ 5^' than the mean apparent dc- 

prelTion 56' 52'^ This excefs. muft be 

owing 10 the refraction, which raifcs the appa* 
1 jtm 
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rent vifual ray above the true one, by about th^ 
aS^th part of the ^figlc of thi: mean apparent de- 
preffion. . 

F. Laval reoiarks on his obfetvations, that there 
is a variation in the refraftion, at heights greater 
than thofe of the obfervatory at Marfeilles ; but 
that' this variation is not (a confiderable as in 
lower places -, for in all the ol>fervations which he 
has had opportunity to make on 5/. Pilon^ this 
variation iiever rofe above, i': — 45''— whereas at 

his obfervatory it has rifen to 3' — 20^' In-r 

deed as F*. Laval has made a much greater num-s 
ber of fuch obferyations at- Marfiilles^ than at 5/r 
PiloTij *tis poffible, that by further obfervation 
on that mountain, a greater difference might bd 
found than he has yet met with. 

The fame father alfo notes, that his oWcrva-: 
tions confirm what he had mentioned in the me- 
moirs fent to the academy, that the refradion is 
ereateft when there is a fog in the air occaQoned 
by a north- weft wind ; and that it is even greater 
or left, as the wind is more or lefs frefti. . On 
the contrary, tliat the fea never appeared lefs de- 
prelTed than on the 26th of June^ in the morning, 
when the wind blew weakly from the fouth-weft. 
and the horizon was very clear. On the evening of 
that fame day, there being a great fog the re- 
fraction, was increafed by 1' — 30'' — The weight 
and the heat of the air, feemed not to contribute 
any thing to the refradtion, fince the barometer 
and thermometer were pretty much at the fame 
height on the 25th and 26th of Ju}le\ and yet 
the difference of the refraction was as great as he 
had ever known it. 
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[VIIL j^n obfervation of a lumimus circle 
about the fun^ by M. dela Hire *; tranj- 
lated by Mr. Chambers. 

On the 9th of Aprils in the prcfent year, 1 708, 
at one in the afternoon, I perceived a large lu- 
minous ring about the fun very compleat in all 
its parts. The fun was in the centre of this ring, 
the diameter whereof was 36^— and hts breadth 
a degree and half; the inner edge of the ring 
was pretty well defined, and of a colour border- 
ing on red ; but the outer was whitifti^ and thus 
loft itfelf in the flky. So much of the fky as ap- 
peared within the circle was very dark, and ef- 
pecially in that part contiguous to the circle* On 
the outfide it was much clearer and whiter, tho* 
the whole air was full of a fort of light fog, which 
had rofe a great height, there was no parbelioriy 
or mock-fun, on this circle, as is freqaenrly 
found on fuch circles near the horizon at fun-rife, 
where there are commonly two diametrically op- 
pofitc to each other, ami of the fame height with 
the fun I but 'tis very rare to obferve fuch cir- 
cles in the meridian, and ftili rarer to ke parhelia 
on them, cfpecially when the fun is very high, 
and the air well heuted ; as in effcft the ph^eno- 
mffioH can only be owing to particles of ice^ 
which occafion this appearance by refrafting the 
fun*s rays -, and as theJ'e circles have always the 
fame diameter, it follows, that thofc icy parti- 
cles muft always be of the fame figure*, *tis not fo 
eafy to give a phyfical folution of this phsendme' 
non as of the rain -bow, the ciufe whereof is 
evidently in the little drops of rain, which are 
fphcrical, and of which we can make a perfeft 
imiraiion by means of a little phial full of water, 

• Afril 25, 1706'. 

nor 
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nor need we wonder, if there occur fome diffe- 
rences in the obfervations of the diameters of thcle 
circles, as well as thofe of the rain-bow, fince in 
the latter, experience teaches us, that the diffe- 
rent degrees of the heat of water produce a con- 
fiderable alteration. 

IX. jin extraB of the obfervations made in 
the Weft-Indies in 1704, 1705, and 1706, 
by F. Feuillee, a minim^ mathematician 
to the iingj compared mth thofe which 
were made at the fame time^ by M^ Caf- 
fini the /on *. 

He fet out from Martinico^ July the 4th, 1 704, 
and arrived the 12 th at Golfo-krifte^ which the 
Spaniards call Porto-caheillo. 

Obfervations for the be.ight of the pole at Golfo 

Trifte, ^r Porto-cabeillo, July 12, 1704. 
AtP^r/^-r/J^f/7/^, the meridian height! °g 4.8 //< 

of the upper edge of the fun ^ 7 4 55 

Kefra&ion minus the parallax 9 

Therefore the true height of thel g g ^ 

upper edge J 7 ^ 4 

Semi-diameter of the fun ^5 5^ 

Therefore the true height of the centre 78 32 56 
Declination of the fun 21 57 52 

ThCTefore the fupplement of the I jq^ ^q - o 

height of the equator J ^ ^ 

And die height of the pole 10 30 48 

We (hall content ourfelves in the following 
obfervations, to give the height of the pole, which 
r^fults from the obfervations of the meridian height 
of the fun, having regard to the refradlion, parallax, 
fenii-diameter, and declination of the fun. 
* December 20, 1707. 
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of filk grafs, and having fpent the greateft part 
of the day, whilft he ftayed in diis port, in 
comparing the vibrations of this penduJum with 
that which he had brought from France^ he found 
that tile length taken from the centre of the ball, 
being 3 feet, 5 lines j\y agreed perfedly well 
with the mean tnotion. 

According to this obfervation, the length of 
thependolunn at P&rio-Belk is about 3 lines Icfs 
ihan that which we obferved at Paris, It is alfo 
I line :*: kfs than what was obferved at Caimm in 
167:2, by M, Richer^ tho* this idand is 4 or 5 
degrees nearer to the equator than PoriQ-Bdh, 

The length of the pendulum at Porio^Belh only 
differs about a line from that which was obferved 
1682 at Goree of 3 feet, 6 lines t, andic 



in 



Guadahupe of 3 feet, 6 lines 



Ohfervations if the variaiicn ef the needle at 
Porco-Belb* 

F. FeuilUe having with great care drawn a 
meridian line upon a horizontal plane, placed 
there 3 compafles of different fixesj the biggeft 

of which was 9 inches, 7 lines, and found the 
declination of the needle 7^ 25' N* E. 

This declination is marked in Dr. Halltyh map 
above 9 > N, E, 

OhfiTvaticns for the height e/ ibep$k ai ihifsrt 
^Bocachica. 

This fort is 3 leagues^ or thereabouts, to the 
fouth of Carihagena^ built at the entrance of the 
gulph. 
Dec. 14, 1704. meridian height ofrhe I g 

lower edge of th? fun 5 ^ 



10 



The 



The 2«li, itieriduin height of the up- 1 ^g^ ^'g " 

By the ipcan of thefe obfetvatSons, we -j 
■ late tfe height of ehcpofc at thetio 20 25 
fort ofBoatmca 3 

&fer(^ifffvns fcr th height of the pak at Caitha- 
gttta, 1705. 

(fian height of the upper edge of/ 58 46 20 
thefua^ ' J 

Jan. 2 56 51 47 

7^. I 57 3 * 

Taklag a mean bttwaen the height of the pole, 
whkfi refults from thefe obfervations, we fhall 
}ttv« the height of the pole. 
At CarikageM of lO 36 25 

Xihfervatian of t%e ecGpfs of the moon^ Dec. 11, 
1704^ at Carthagena. 
\k § If . 

ht 51 47 m* the morning, thebegiiinhig of 
' theecHpfe. 

3 36 J2 -ctidof tfieedipfe. 
CL 44 45. total duration. 
Fl Feuillh made this obfervation with M.Cou- , 
?fc^ the fon. They had a more favourable time 
than we had at PanX where the fhadow of the 
wth did not appear well terminated •, fo that we 
toaia only ol^icrv^ the beginning of the eclipfe, 
* and the immerfion of fome fpots. This is the 
nrfiilt of the compartfon of this obfervation, with 
thofe which were. made at the royal obfervatory. 

At 51 47 in the morning at Cjr/i&^^^»j, the 
beginning of the eclipfc; 
VoL.IILN^27. Q At 
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hit' 

At 6 4 40 at Faris^ the beginning with a tc- 
lefcope of 3 feet. 
5 12 53 difference of the meridians between 

Paris and Cartbagena, 

5^ 2 1 at Cartbagena^ mare humQrum enters 
612 o at Paris^ the fhadow at the edge 

of mare hunwrum 

5 1% 39 difference 

1 3 29 at Carthagma^ the beginning of 

Grimaldi 

6 14 30 zt Paris y hy M^iT, de la Hire 
511 I difference 

1 6 45 at Caribagena^ end of Grimaldi 
6 17 30 at Paris^ by Meff. de la Hire 
5 10 45 difference 
I 9 9 at Cartbagena 
621 o at Paris^ by Melt i^ fa Hire 
5 n 51 differenceof the meridians between 
P^r/i and Carlbagena 
Taking a mean between the difference of the 
meridians which refults from thefe bbfervations* 
we fhall have the difference of the meridian? be- 
tween P^arz-f and Cartbagena 5'' ii'5o". 

Obfervations of the fatelUtes ef Jupiter ai Car- 

thagcna, Jan, 8, 1705* 
x\t 1 1 2S 46 in the evening at Carihagena^ the 
cmerfion of the firft fatellite out 
of the fhadow 0^ Jupiter through 
Jbme fogs. 
16 39 54 at Paris by the corredcd calcula- 
tion. 
511 S Difference of the meridians be- 
tween Paris and Caribagena, 
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Jan. 16. 

At I 20 i^ in the morning at C^f/i'tf^^»tf, the ^ 

" cmerfion of the firft fatellite out*' 

of the fliadow of Jupiter^ the ' 

^ heavens being clear and ferene. 

6 31 15 at Varis by the correfted calcu- 
lation; 
5 II 20 dilFerehce of the meridians between 
' . Varis and Cartbagena. ' 

. The laft obfefvation having been made in fc- 
fene weather it feemfe beft to fix here, and deter- 
mine the difference pf the meridians between Pa- 
risy 2ind C ah bagena of ■ • 5^11/20" 

Obfervations for the variation of the needle at 

Carthagena, 

F, Feuillee has found by feveral obfervations 

the variation of the needle at Cartbagena to be 

/ / y i2'N. E; 

. It is marked in that place in Dr. Halley^s nriap ^ 

pf variatiojis ^ _ 9^ o N. E. 

Obfervations for t be height- of the pole at fort 
St. Louis. 

This fort is fituated to the fouth of the iQand 
of St. Domingo. 

Feb. 21, 1705, meridian height of the upper 
edge of the fun 61^ 32' 2^5" 

' Which gives for the height of the pole at fort 
St. Louis 18 18 5 

Obfervations for the ^height of the pole at the 
ifland of St. Thomas. 

March 17, 1705, meridian height of the up- 
per edge of the fun * ' 70 4 1 o 

Which gives the polar height for the ifland of 
St. Thomas 18 21 55 

Q2 Ob^ 
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Ohfervathns maii ai Mar tinico, 
F. FmilUi went at the return from his voyage 
to MartinuQ^ where he made new obfervations 
during hts ftay. 

He gives notice that his obfervations were made 
to the eaCh of the lilaiKj at 7 or 8 Ieag!ues diftance 
from the place where McflT. des Hayes and du 
Gkfs made theirs, fb that the diiference of the 
meridians between P^ris and the -place where he 
hgs made his obfervations^ muft be Icfs than that 
vfhich rtfults from Mcff. da Hayes and du Gh^h 
obfervations* 

June 28, 1705, meridian height of the upper 
edge of the 

Sun ' ■ ■ * " 



The 19th of ^^i". 
The 2d of Sepi, 
The 14th — 
Thei6ih — 
The 20Eh — 

The 2 2d 
The 30th 
The ift of Off, 
The 4th -^ 

The 6th 
The 9th 

The 20th ^- 
The 3d of Ni^v- 
The 14th ^- 
TheiHth 
The 20th •— 
The 29 th 
The 26thof 2>^c 
The 31ft — 



Si 39 10 
88 18 37 
83 26 37 
78 54 28 
78 8 55 
76 1 1 42 
75 48 20 
72 40 47 

72 17 37 
71 8 16 



60 23 

57 U 
q6 1 1 



ro 14 



52 28 



Thefe obfervations give the height of the ppje 
% the place where K fmHee made his obferva- 
tions 
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at Mariinku betwoea 14^ 4a' 5'' and 14* 
43' 55^ almoft tJi€ fsoie as th^r which refuSs 
from the obfenrations^ which he had made at the 
beginning of hts voyage; thcrefofe we may de- 
termine t/ie height of the pole at this place to 
be 14^ 43' <y^ 

Ohfifvaiims §f thefauUiies $f Jupiter mt Mm* 
" ♦ tiaico, the i iii of OAober 1705, ai 

JO 41 in the morning at Mariinicd^ the im* 

merfion of the fecond ^tellite into the 
(hadow oi Jupiter, 

Tbi i^tb of Odido^T^ at 
"56 47 in the mornifig at MarSinko^ the im* 
ixierfion of the firft fittellite into the 
fhadow oijupktr^ the heaven being 
ferene, 
9 39 atP^rii, by the corre&ed calculation, 
12 52 difference of the raeridians between 
Paris and MarHm^o. 

The 25th of Odober, ^/ . 
Q 54 in the morning at MarLinico^ the im- 
merfion of the third fatellite into 
the fliadow ofjupiisr, 
18 46 in the morning at MariinicOy ^ce- 
mcrfion of the third from the fhadow 
of Jupiter, 
17 52 total duration in the fliadow of Ju- 
filer, 

Ihi 26tb &f Oiftober, at 
51 6 in the morning at Martinico^ the 
immerfion of the 6rft fatellite into 
the 0iadow of Jupiur near the ze- 
nith, 
4 24 at Par//, by the correfted calculation. 
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^4 13 18 difference of the ntridians between 
Pm'is and Marimkc, 

The ^tb €f November, at 
1 13 57 in the morning at Mariinic^^ theim- 

roerfton of the firft fatelUte into the 

fhadow of Jupiier. 
5 26 51 at Parhy by the correded calculation 

by an obftrvation of the following 

day. 
4 12 54 difftrcnce of the meridians between 

Paris and Marfinico. 

The 2ytb of Novembeij at 

I 19 ^6 in the morning at Martthiio^ tbeim- 

merfion of the firft fitellitc into the 

fhado w of Jupiter. The wind fiiook 

thetelclcope, _ 

532 38 immerfion obfcrved at Paris, 

4 13 2 difference of the meridians betwee 

Paris and Martinico. 

Thetylb of December^ at 

3 10 14 in the morning at MartinicQ^ the im- 

merfion of the firft fatellite into the 
ihadow of Jupiter near the zenith. 
7 23 16 at Paris^ by the corredted calculaEion. 

4 13 2 difference of the meridians between 

Paris and Martinico, 

The ziih of December, 4/ , 
4 27 42 in the morning at M-^r/jn/V^?, the im- 
merfion of the fecond fatellite into 
the fhadow of Jupiter. 

The iSlh of February, 1706, at 
"10 26 34 at night at Mtfr/r«/r(?, cmcrfion of the 
firft fatcllire out of the (hadow of 
Jupiter nt-ar the zerith. 

H 
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14 39 iS ztParis^ by the correfled calculation* 
4 12 44 difference of the meridians between 
Paris and Mariinko, 

K 7 Be z^d of March J al 

I o 47 33 at night at Mariinka^ cmerfion of 

■ the firft fatellite out of the fliadow 

of Jupiiif, 
14 ^^ 2S 2LtParis^ by the correded calculation. 
4 II 55 difference of the meridians between. 
Paris and Mariinic$, 

I The J St b of April, at 

7 44 at night at MarHnica^ emerfion of the 
firft fateUite out of the fliadow of 
Jupiter, 
20 44 at Paris^ by the correded calculation. 
13 o difference of the meridians between 
Paris and Marnnico. 

Almoft all thefe obfervations concur in giving 
the difference of the meridians between Parts and 
Martmico 4^ 13' o^ 

We had determined it by the comparifon of 
two obfervations, made at the fame time at Paris 
and at Martinico to be 4' 13 28^ 

Therefore wc may for greater exaftnefs deter- 
mine the difference of the meridians between 

2ris and Marlmico to be 4^ 1 3' 1 5"^ 



^J 



ifervations ofthee<:Upfeofth€mmn^ April 2 7^ 
1 706, at Martinico at 
12 58 at night, beginning of the eclipfc 
To 49 o end of theecliple* 
2 36 2 total duration 

F. Fmillk obferwd during the time of this 
cclipfe, the immerfion and emerfion of fever al 
Ipocs, of which we were not able to obfcrve the 

cor* 
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correfponding ones at Paris^ becaufc the flcy 
was noc very ferene. This 15 the nefuk of his 
Ijbfervaticm Tmhdurs, At, 



9 42 2 

\} 55 
4 12 58 



at Martinico promonimum acuitm^ 
qtiite in the fhadow. 

at Paris the ihadow was at prcmon- 

forium acufum 
difference of the mtrldtans between 

Paris and Martinko, 
the end of the ecljpfe 2xMaftini€$. 
at Paris, 
diflference of the nd^idians. 



id 49 o 

15 ^ Z^ 
4 *3 30 

Taking a mean between the differences whitfl 
rcfuTt from thelc two obfervatians, we fhall have 
the difference of the meridians betvreen Paris and 
Martinka 4' ^3' ^5^'* 

The faitie that we determined by the fatelHtes of 
Jupiiir. 

This eclipfc was obferved at the fame cime at 
the port d$ Paix^ in the ifland of &L D&mings^ 
where the end was fi^en at 9'' 40', 

We fhaJl rherefore hav^e the difference of the 
itieridians between Martinico and the port di 
Faixof i' 9' a'; which being added ro che dif- 
ference of the meridians between Parrs and Mar- 
itnioo of 4^ 13' 15'^^ gives the difference of the 
meridians between Paris and the port di Paix^ m 
the ifland of 5;, D^?;?/^^;?, of 5^ 22' 15". 

Ohfij-vaitQns ^f ibe ^^^/^ ^ ^be pendulums at 
Martifiico. 
F, Feuillie having fufpended a musket- ball to a 
thread of fi Ik -grafs, found by feveral obfervaiioiis* 
the length of the pendulum to be 3 feet, 5 lines 
f 3* greater by \ of a line than what he found at 
P&rio-i^cih of 3 fcctj 5 lines 1^. 
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Obfervations jftbe variation of the peedle. 

F. PenilUe at his retdrn to Martinic^ found 
the variation of the needle to be 6^ iC N.E. pretty^ 
near the fame, that he had obferved in 1704 in 
the fame place. 

All the obfervations jnft related, added to fhoie 
whidi are inCbrted in the travels .of the academy^ 
will ferve to determine pretty- cxaflily the cp^ of 
South America from Caitnne to the iftbfnm of 
Panama^ and the fituation of many of its iClands^ 
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Philosophical Discoveries and Qb- 
sERVATioks in the JIiSTQRy of the. 
Royal Academy of Sciences at 
Parisy for the Year 1709. . - 

I. Of the Jhagreen which comes JromHixvkty. 

M. Jaugeon having been curious to know what 
tl^ fhagreen is, which comes from ST^r^^pf^Jn*^ 
gjjired of M. Feriol^ ambaffador at Conftmtinopiip 
ftpm whom he received all the information time 
he dcfired. There is no animal of this name, as 
fome have imagined. They make the ftiagrccn of 
the Ikin of the buttocks of horfcs. and mules, which 
ia well tanded, and rendered as chin as poffibk ; it 
b prefled for a certain time, after being ftrewed 
with the fineft muftard^fced. When the. feed 
takes well, the (kins are beautifui -, if not, there 
remain fpme fmooth places called ndrrouxs^ 
which are a great blemifh. The fineft fhagrecns 
are made at Gonjiantinople^ and in fome parts of 
Syria. 

II. Of great cold coming with afouth-wind. 

It has been thought furprifingj that the. cold 
of the winter 1 709, which was fo extraordinary, 
and rigorous, lafted feveral days at Paris^ with 
the wind at fouth. To afBgn the reafon of it, 
M. de la Hire has faid,. that the mountains of 
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Auvergne^ which are to the fouth of Paris^ were 
tktn ail covered with Inow j ar\d M. Homherg^ 
that a very cold north- wind, which came a great 
I ^way, and extended very far, having prccecded, 
the fouth wind was but a reflux of the fame air, 
which che north had driven, and had not been 
heated in any country. Thefe two caufes may 
cafily be joyned together. 

Ill, Of the Stm^mf hemg entirely frozen in 

the bard winter of i yog. 
,\- . 

Yhere were another wonder in that winter* 
Nocwirhflanding the extreme violence of the 
cold, the Seine was not entirely frozen at PariSj 
and the middle of its current was always free, 
only there Boated lome great flakes of ice in it. 
And yet, in kls levere winters, the Seine has been 
fo frozen, that carts might go upon it. M. H$m^ 
berg is of opinion, that in our climate at leaft 
iuch great rivers would not freeze of themfclves, 
except toward the eJges, becaufe their current is 
always too flrong towaKls the middle ; and there- 
fore if they did not break the ice at ihe ihoar, 
which they never fail to do for different reafons, 
the middle would Bow as ufual, and would not 
carry flakes of ice with it; fuppofing alfo that 
tliere fell no fmall rivers into the great one \ but 
as they do fall into it, the ice carried by it in the 
middle comes for the mod part from the fmall 
rivers, which are eafily frozen, and where people 
break the ia'i that thefe flakes being flopped 
either by a bridge, or bend of the river, or by 
any obftacle whaifoever, hold and flick together 
by the cold, and afterwards form a fort of cruft, 
mrhich covers the whole furface of the river*, and 

Lftly, 



Hy, that as the cold of 1 709 was very fiiddaa 
afid Iharp from its very beginning, the fmall ri^ 
■lis which fall into the Seine abov& Paris^ froze 
fljl at once, and entirely ; fo chat their Qakes 
which would have fattened on the furface of the 
Seine^ could not be carried into it i at leaft in a 
fufficient quantity. It is pretty remarkable, that 
the very violence of the cold was partly the caufc 
that the Seine did not freeze. 

In the fame winter, the ice of the port of Co- 
penbagen was 27 inches thick, even in the places 
where it was not accumulated. Thb fa^ is die 
more worthy of attention, becauie in :he great 
froft of 1683, the royal Ibciety having caufcd the 
thicknefs of the ice of the Thames to be meafur'd, 
when they went upon it in coaches, found it to 
be but 1 1 inches. 



I 



IV. Of a pullet with two hearts. 



M, FUntade^ of the royal fociety of Montpd^ 
tler^ being at Paris^ met with two pullets withia 
a fhort fpace of time, each of which had two 
hearts. He gave thofe of the laft to M, Cqfwi the 
foo, who brought them to the academy. M. 
Lirire foaked them in warm water, in ordo* to 
examine them. They were of equal fize ; and 
each of them very little lefs than the heart of a 
pultet of the fame age. They were placed even 
with each other, at the dlftance of half an inchi 
each of them had its ventricles, its auricles, and 
all the blood- veflels, like common hearts ; and 
had nothing ringular, except their being both 
faftened by their lower vena cava to one of the 
lobes of the liver* M. Liltre conjedures, that 
the blood of the right ventricle of the right h^rt 
t went 
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Went into the right lobe of the lungs i and the 
blood of the right ventricle of the -lefc heart into the 
left lobe. As for the other circulation, either tht 
mri^ of both heam might be united, and form 
but one, or the aori^ cf the right heart fumifhed 
blood Eo tlie parts of the right fide, and that of 
the left heart to the left fidc; or both diftributed 
themfelves equally through the whole body^ (b 
that there was always n double artery, Befidesi 
as each of the hearts had almoft as much force as 
one fingle hearty this pullet bad twice as much 
life as another, and if one heart failed it, it 
would have another to fupply the place. This 
confirmation, which, according to what has been 
Jcen, is probably not very rare in this fpccies, 
cannot be impoOlble in men, and perhaps it hag 
already produced fome pb^momena^ which have 
confounded the naturalifta. 



V, Of the legs of the fea-ur chins. 



Naturalifts think that the fpines, with whJd 
the fea urchins are fur rounded, ferve them to 
walk upon inftead of legs. But M. Gani^iphs 
having obferved at MarfeiUes that rhefc animals 
walked pretty quick at the bottom of the fea, has 
difcovered, that this morion is not executed by 

' 'their fpines, but by legs difpofed about their 
mouth, which is always turned againft the bot- 

, »tom of the fea % thefe legs immediately difap- 
peared as foon as the urchins are taken from the 
bottom of the water, and thence came the com- 
mon error. It w-as known that they walked, 

-and they were not fcen to have kgs, becaufc they 
had not been fcen walking in the fea. They ate 

i'like thofe of a flat infefl:, called the fea-fi^f 

which 
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which M. G^ndolpbe has (ludied at Dunkirk^ and 
has promiied a ■ defcription of it, which pro- 
bably we fhall never fee •». for the academy have 
been informed of his death this year, and are 
afraid of lofing, with fo good a correfpondent, a 
gieac many fine obfer vat ions. 
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/Pmilosophical Memoirs of the Rotal 
Academy of Sciences at Parts^ fgr 
the Year 1709* 

J- Obfervdtions on the quantity of rain which 
Jeii at the objervatory during the year 1 708, 
with the alterations which happened to the 
thermometer and barometer^ with regard 
to the heat and feajons^ by M^ de la Hire, 

THE quantity of rain^ which fell during the 
year 1708, was in 



Jan. zSf July 

Feb. 1 5 Aug, 

March 15I Sept, 

April 17! Osftob. 

May 3o| Nov, 

June 23I Dec. 

lotal 219 lines |, or 18 inches 



Lines. 
9f 



This quantity of water is not very far from ig 
{inches, to which we have fixed the mean years j 
Und asM. Mariotie had formerly determined by 
I Jikc obfervations, which he had caufed to be made 
tat Dijon by one of his friends, 
1 The grcatcft quantity of rain that fell in one 
iday, was but lo lines about May 24^ and 0£l. 20 j 
[and with an almoft north wind, which is obfcr- 
I vabie % for this wind feldom brings us the greatcft 



train. 



The prevailing wind of this whole year, 
the foucii, and it feldom turned towards the n< 



was 
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AUdciikeA m the Hift and wtft. ThehcJvircKgrc^ 
f%s bdch at the beginning and end of this ^ri * 

There fell three iflehcs of fiiow, /%*. 14, and 
about as much Nov, 14^ aiKl'a littte Dec. 5. 

Dutifig the whole year thefc were fevehri 
ftorms, but not very violent. 

-My thermometer, which is at 48 pak*» of its 
divifion, in the mean ftate of the air, and at tfat: 
bottom of the cave3 of the obfervatoryy where k 
always remains in the fame ftatey being extxifitd 
in an open place, but fheltered froni the Wind' dtid 
fun, was ^c the loweil at the btgintiing of the 
•year, Fib. 13. at 27 parts | j fthd it be^n3 only 
to freez:!? in the country wbcfi it is at 32 pirt«, 
which fhews, that it was no very. great oold at 
that time ; for before that day, and afterwards, 
it was always towards 35 or 40 parts. At the 
end of the year, on 0^. 29, it froze, the ther- 
mometer being at 29 parts, but without continu- 
ing ; and the whole month of November was 
pretty mild in proportion to the feafon. The 
thermometer fell alfo to 25 parts Dec, 12 •, and 
on this day was the hardeft froft of the whole 
year, which was not very eonfiderable, for the 
thermometer fometimcs falls to 1 3 parts. 

The greateft heats of this year were jiug. 1 5 
and 16, asufual; the fpirit of the thermometer 
fifing to 66 parts i towards fun-rifing, and to 7 5 
parts about 3 in the afternoon. Thus the heat 
and cold of this year were nearly at the fame de- 
gree with regard to the mean ftate. 

My barometer was at the loweft at 26 inches 
9 lines I Jan. 10, with a moderate foutheaft 
wind, as it was on the days before and after ; and 
it was at the higheft iV^^ 17* at 28 inches i 
linfe J with a low north nortb-eaft wind,_ and on 
the days before and after towards" the fouth; 
S 2 fa 
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fo that the diiference between the loweft and the 
higbeft was i inch 4^ liiKs i jsearlf. I Jbave aifo 
another baronateter,m/ which the quickl^lver, keeps 
up ac three Jines higher than in thai: w^hJxmtke 
ufe of to mark my common obleryations every 
day, though thefe 2 barometers make ]%ht in the 
vacuum by agitating the quickfilyer, which (hews 
diere is no air in them, or very litde in propor^ 
tion to what is commonly thought. Thus this 
difference of heightb muft come only from the 
different weight of the quickfilvers. , 

I obferved the declination of the magnetica] 
needle Ded 27, and found it to be lo"* 15' to the 
weft; This needle is 8 inches long, and is (hat 
wbidh J always i)ie. 
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n. Obfirvatiom on the quantity of rain^umter 
' and'on^ the' mnd^^ hy M. ie Comtc da 
* Pontbriand, at hhcajtk z leagues "Wtjl from 
St. Malo ; communicated to the academy iy 
M. dn Torar of the academy, and cm- 
pared with thofe which we have made at P4- 
ris, at the royal obfervatory, during the 
years 1707 and 1708, ly M. de la Hire *. 



Quantity of 

In 1707. 
At PoKtbriand. At Paris. 

Lines. Lin. 

Jan. 91 5 

Feb. 2 o{ 1 o 

March 22 — *ii 




Jncb. Lin, 

Total at Pontibrand 24 loj 

Paris 17 ii§ 



ram-water. 

In 1708. 

At PiiAriand. 

Lin^s^ . 

35 

1 81 

36f 



261- 

24 ^ 

lO - 

43*- 
35i- 
n - 

241- 



hxPwnu 

lines. 

—28 

—15 
—16 

— 3<^t 

—.32 

—15 
—12 

—15 
— 6} 

~9i 



huh.. Lin. 
Total at Ponthriand 24 6 



Some like obfervations, which M. U Ccmte du 
Ponthriand had communicated to us before, 
[hewed that it rained a little more towards St. Mah 
:han at Paris^ which is confirmed by the 2 years 
pvhich we have juft compared. 
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On the winds in 170^. 
In Jan, the winds were generally more to the 
S, at Puris thaa at Ponibriandy by a quarter of 
the compafs* 

In Feb. almoft the fame, 

in March the quite contrary to the preceding 
months. 

In April much the fime as in Jan. 

In May the winds were different in thcfe two 
places- 

In June pretty much alike; but fometimes 
more to the S. at Paris than at Pmttbriaitd^ by i 
quarter of the compafs, 

h\ July the wind almoft the fame, with very 
great beats, the 21ft at PariSj z^ uPontirimd^ i}\t 
wind being S. E, S. and S, W. 

In jiu^^ pretty often more to the S, at Paris 
than at Pmtbriand, 

In Sept, the winds a little ditFcrent in thefc two 
places. 

In 03, fometimes the fame^ and fometimcs 
oppofite. 

In Nqv. often the flime, but at Paris fom^ 
rimes more to the S. than at P&nlkriand, 

In Dec. often the fame, fometimes oppoCre» 
but often at Paris more to the S. than at Pant- 
triand. 

At Ponibriand the greateft rain on the finie 
day was 10 lines July 3^ with a N* E, wind; 
that day the wind at Paris was S. W, with thun- 
der, but without rain. In all the reft of the< 
year, the greateft rains on the fame day rofe hm 
to 6 lines at P&ntbriand. But at Paris the rain 
was 16 lines 7^^y ^5* ^'th a ftrong wiml to- 
wards the S; but at Ponibriand there fcH btit 
5 lines and halfj with the fame wind that day." 



{ 
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\t Paris the greatcft rain was 21 lineg { Aug. 
i^j with a low wind towards the W. and ac 
Pif9lbri4»4 5 ^'^ with ^ N. wind. In. OB, at* 
P4im^- the 4th and 5th together gave 24 linesl» 
irith a wind towarH the [W^ and at F^iirian4 
S'littcsi f,, ivithra N, W. 'wind.^ ^ \-.. 

'Onfhewin^s.tn^iy<^^. 

In 7^i». the wind more to' the S. at Pi^mthan at 
ftmiiriand^ andfometioies the-fame^ • ^ 

In Pek> often the fame. 

In March generally tHc fanae. 4 

In April the fame, but on fomc days a Httic 
different. . •. ,. 

In May at Ponthriand^ tlie night between ihc 
Oii and .7th. a Iharp froft, which blaftcd all the 
trees -, bur at Paris fine weather : the winds dif- 
ferent. ■ 
"1th Junt the winds diiSferent, and at Paris i^- 
fually more to the S. 

IrLjuly very few obfervations at Pmthriani^ 
fcthat nothing is difcovefed of^ Aie difference^ 

' % Aug. more to the S. at AnV than i\ P^nt- 
triqnd. 

in sift, as in Jug. 

Ih OZ?. the winds different in thefe two places. 

,tn i^w. a litde different. 

' Ih Zfcr. the fame. 

We cannot make a very juft comparifoh of 
all thele winds; for M. du Pontbriand marl^^^the 
rbumb only on thofe days when it rained. 

At.Pontbriand the greateffi rain on one day 
!washiit 9 lipes ; the 20 anrf 2^ of OSidber^ 
the, wind being S. E. andS. W. and 8 l^nesif- 
prUzZf withaS. E. wind. 03. 20^ at Parts^^ 
mxi^ JO lines, with a ftrong N, wind. On the 
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27th, at Paris no rain 5 wind 1^, April 21, at 
Paris no rain, foggy- 

At Paris the grcateft rain on one day was 11 
lines I, May 24, with a N, N, W. wind, atid 
at Ponthiand 4 lines f , with a N, W* wind* At 
Paris 9 lines, July 2, wind S, W. at Pmt^ 
briand no rain> At Paris again, 10 lines 0^3, 
20, as was marked above. 

Ill, Obfirvathns on the water which Jell at 
Lyons, during the year 1708, iy M de 
la Hire *. 

F, Fukhiron has obfcrved exa6lljr the quantify 
of rain water, and melted fnow, which fell at 
Lyons at the obfervatory of the jcfuitSt and 10 
the fame manner that I obferve here j of whidi 
this is the refult of each month which he has com- 
municated tome* 





jH.Lin. 




InMn, 


Jan. 


% 


J^h 


I 6i 


Feb- 


3 7i 


Aug. 


3 6 


March 


2 3i 


Sepr. 


7 7\ 


April 


3 9f 


oa. 


I II 


May 


2 2^- 


Novcm. 


10 


June 


4 loj 


Dec. 


?. ^i 



Sum of the whole year 36 inches, 9 lines, 

Wc fee by this* that the quantity of rain water 
at Lyons was double what it was at Paris \ and it 
is not prcJ3abIe, that this comes from the two 
great rivers which flow by it, and at moll could 
only form a great many fogs •, but rather from 
the great mountains^ which are but little diftant] 

i^.f April I J, 1709, 
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forp it, where there always falls much more 
water and fnow than in the plains. 



m. 



A comparifon of the barometrical ^hfer- 
'uatiom made at Paris and at Zuriek, dur^ 
ing the firji Jix months of the year 1708, 
Sy M Maraldi. 

M. Schimhzer has ftnt to the academy a tncr 

moir, wherein are feveral obfervations, which he 

has made at Zurich during the firft fix months of 

the year 1708, on the b^ramecer^ thermometer, 

blinds, con tti cation of the air^ quantity of raia 

Hbiich has fallen, and on the augnnentatian an4 

^Bminution of the Lmai^ a river which paiTes by 

Zurich. They wcne made every day of the month, 

and often twice on the fame day. To all thcfc obe 

fervations he adds others at the end of each month^ 

upon ihe difcafcs, which prevailed during thac 

month. 

^^For die barometrical obfervations, he made 

Hfe of two tubes, one upright, the other inclined, 

in which the motion of the quickfilver is twice as 

fenfible as in the upright one, Thefe heights arc 

^^vided into inches and lines of the P^m foot* 

^Khefe two barometers often agree togethefi but 

^prnetimes there is a difiercnce of 4 lines. In the 

Hbmparifon which we have made of thefe obfer* 

vadons wth our own, we have made ufe of the 

upriglxt baromeren To meafure the rain, he 

fays, he made ufe of the method of the academy 

and of the Paris meafure. He alfo ufed the fame 

meafure, to know t^e augmentation a^ddiminU' 

tion of the Limat, 

Jan, I, the barometer was at the obfervatGry 
at 27 inches, 5 lines, the wind being S, AiZti- 
xick^ with the fame wind, the barometer was at 

yoit, iiL N^ 28. X ^ %i 
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26 inches* 3 lines i fo that the difference between 
the obfervatory and Zurick was 1 inch, 2 lines» 
by which the quickfilver was higheft at the ob- 
fervatory. The moft common and mean diffe- 
rence is 1 inch, 4Jines, After y^w.i, the ba- 
rometer rofc in both places til) the 3d, and then 
fell til! the loch^ when it was at Paris at 26 in- 
ches, lo lines |, at Zurick^ at 25' inches, it 
Jmcs, which are almoft theloweft to which it faj]s 
at either place % thus it had fallen about 6 lines: 
in this interval the wind was at Paris S. or S, W, 
at Zurick it was at the fame timealnioft quite op- 
pofite \ that is, N, or N. W. The barometer 
rofe the reft of the month. At Paris the 19th 
and 2oth, there were very violent S. W, winds. 
► M, Scbeucbzir obferves alio, that on the jgth 
[there was a ftrorgS. W. wind j and adds, that 
ton the 25th at 10 p. m. there was a very vio- 
lent wind, which threw down a great many 
chimneys. His thermometer was Jan, 29, at 
lb degrees, which is the loweft to which it fell. 
During the month of Jan. it rained at Zurick 
18 lines { \ at Paris it rained above 34 lines. 
The dipiinution of the Limat was 9 inches^ the 
augmentation two. 

At the beginning of Pih, the barometer being 
very low at both places, it rofc from the 6 th to 
the grh, in 3 days, a little more than 10 lines at 
Pans^ and 8 lines at Zuriek ; it then fell till the 
16th* and afterwards rofe till the 22d, being as it 
had been Fei^. 9, at P^ris at 28 inches, i line, at 
Zurick at 26 inches, 8 lines, which arc almoft 
the greateft heights to which it ufuaDy rilts. Dur- 
ing the month of Fe^. there generally prcvaileti 
the fame N* and N. W. wind at Pans and at 
Zurick^ and in both thefe cities there fell the 
fame quantity of rain, that is, 19 lines* The di- 

mii)uti0n 
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of the Li 



height 



inution of the water 

inches |, and the augmtrncation i inch f. 
There happened feveral variations in the height 

if the barometer ki the month of March, and 
thefe variations happened on the fame days, and 
were almoft the fame at Paris and at Zurkk It 
continued elevated the two firft days, and fank 
the third : it rofe the three following days, and 
funk again till the eleventh* After having riicn 
till the fifteenth, it funk a third time till the 
twenty-fecond. The wind was N. at^P^r/jj and 
N. W, at Zurick. It rained at both places 17 
lines. The augmentation of the Limdt was .5 in- 
ches, equal to the diminution. 
* Jpril 10, at Paris^ the barometer was at 27 
iocHcs 2 lines f, with a weft-wind \ at Zurkk^ 
k was 25 inches 1 1 lines, with a north*wind. The 
baroinetet rofe a little the following day in both 
cities, and it funk again the 1 2th at Zurkk and at 
Paris y where it continued to fall again the i^tli 
~ th a violent four h- wind. It rained m April 26 

les at Paris ; and 52 lines ^ at Zuri ckSVh^ Li- 
mat increafed 24 inches^ and fell but f an inch* 

The days that the barometer continued higheft 
ifi M^y at both places were, the 7, 8, 9, and 28th, 
and the days thai It fell nioft were the i6th and 
17th, The flime at both places. It rained in 
Ma)\ at Parisi 27 lines J \ at Zurick^ 21 lines |. 
The diminution of the himat was 4 inches, and 
the augmentation i8. 

Dtiring the month of June; the barometer ge- 
nerally continued at. a great height,, except the 
4t %7^ and 30th, when it was at Paris at 27 
inches 5 lines, at Zurich 26 inches 1 line. The 
days that it continued at the higheft were the 
i4!h and i5ih, being at Paris at 28 inches, and 
k Zurich at 26 inches & lines. l\ rained at P&ris 
T i ^ -' 25 
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25 lines Ip at Zurich B6 !ines f , Th^ augmen- 
tation of the /-iV»<i^ 21 inches, the diminuEion 7. 
The grcateft height to which the barometer 
rofe in the 6 firft monEhs of this year was at 
Pariu on the 9th and 2 2d of Fib. to 28 inches 
I line % and the leaft height to which it felJ, was 
Feb. 1, when it was at 26 inches 10 lin^. So 
that the variation from the greatcfl: to the Icaft 
hcighth was i inch 3 lines at Paris. At Zurick 
the grcateft height was 26 inches 8 lines, Feb, 9^ 
and 22* Theleaft was 25 inches 1 1 lines, Ftb. t. 
The difference is 9 lines, being Icfs by 6 lines 
than what happened at Paris. 

I ji camparifan of ibe baromelrical cbfervalions made 
at Paris, and at Zurick, tks 6 iaft months qJ 
the year 1708. 

In Julj the barometer generally continued at a 
j great height at both places v it was at a nncan height 
[only on the 6th and 7th, being at Paris at 27 
[inches 7 lines 1 atZwm^at 26 inches 2 lines | 
and 3 lines-, fo that the difference was 1 inch 4 
lines, as we have already concluded by other com- 
parifons. The wind, which prevailed at the fame 
time in thefc two cities, has generally been dif- 
ferent, and often oppofite. It was the fame only 
for 4 days, the r ith, the iSth, and the 2 2d, being 
in both places northeaft, and the 16th fcuth- 
weft. The thermometer was the higheft at Zu- 
rick the 28rh, at Paris the 29th, In July k 
rained at Paris 28 lines, at Zurick 48, The wa- 
ters of the Limai augniented 10 inches^ and di- 
minilhed 16% thus M. Scbeucbxer fays, that the 
augmentation of the rivers does not anfwer to the 
quantity of rain, fmce the Limat diminifhed more 
than it increafcd, tho* there fell a great quantity 
©f i^in during the month of July^ 

In 
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In ^iTg. the Tariation which happened ta thes 

eight of the barometer was 4 lines at Furls^ and 

at ZurkL The winds were moft part of the 

ime very different in thcfe 2 cities. The day 

"mt ifae thermometer rofe the higheft, was the 

15th ztParij^ the fame as at Zurich It rained 

Paris 22 lines y, at Zurich 35 lines |. The 

raters of the Limat increaf^d 3 inches in heigjit^ 

and diminiihed 12 inches. 

In Sept. the day that the barometer was die 

^heft^ was the firft, both at Pmis^ and at Zk* 

iik \ and the day that it fell the lowcft^ was tbe 

*l6th at both places. The loch, a fouth-^aft 

wind prevailed in both places ; the 20th, afouth- 

weft wind ; the 2ift^ a fouth wind: on the other 

days the winds were different. It rained at P^^h 

12 lines, at Zurick 34- The Limai diminiflied 

' U inches without having increafed, ^ 

In 0£l^ the barometer continued higheft the 

ih and 7th> the i8th and the 19th, both at P^is^ 

[id 3.1 Zurich During almoft the whole moncii 

kere were north, north-eaft, or nonh-weft winds* 

rained at Paris 14 lines |, at Zurick 27 

fines |. The perpendicular height of the watos 

^thtUmat diminillied id inches without haim^ 

acreafcd. 

In Nav. the days that the barometer was the 
ttgheft, were the 1% and the 19th, the faoie al; 
^aris and at Zurick ; and the day that it fell the 
lowcft at both places was the 23d, The fame 
wind prevailed the 24th and 26th. The coldefit 
day was the 25th at both places. It rained ai. 
Paris 5 lines |^ at Zurick 7, The dimbutioaof 
the Limai was 6 inches without having incrcalaL 
In Dec, the 14th v/as the day that the barotnc- 
ter was the lowefl in both places. The days that 
thethermometer was the lowcft, were at Paris 

the 
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tKe nth and r4th, at Zrirkk the i2th and die 
2gth- There was no day when the wrnd was the 
fame in both places. It rained ac Piiris 9 lines f,^ 
at Zurick it rained 21 lines |. The diminution 
of the Limai was 4 inches without augmentation. 
The rota] fum of the rain which fell at Paris^ 
according to our obfervations^ was 20 inches one 
line; that which fMztZurkk is 30 inches ; fo 
ih^t there fell almoft J of rain more at Zurkkf 
than Rt Pdffs, M, Sebeuch^er thinks it rains 
more in Swijferland^ than in ir^^;:^, becaute of 
the great quantity of mountains* where the clouds 
being driven by the winds, commonly pour down 
in rain and fnow. The great quantity of riverS 
ivhich proceed from thefc mountains, giv6 room 
atfoto imagine that the rain falls there in greater 
abundance. He thinks aJfo, that there falls more 
rain in the countries near the fea, than in thofe 
[iwhich are iitlatid- He fays, that at Upminfier, 
in Efigland^ according to Dr. Derham*^ obferva- 
ItionSa it rains 19 inches of water* when at Townkj 
ym Lancajhire^ there fall 39 inches. 

In the 6 firft months of the ^ear i^oS^ thd 

[:iugmentarion of the waters of the Limat was yi 

> f i the 6 laft it was 13'i and the total aug- 

mentation S4 inches I- The diminution during 

the 6 firft months was 35 inches* tr\d 67 in the 

6 laft. The total diminution vai inches^ greater 

by 16 inches than the augmentation, 

M. Scheucbzer fays, that the augmentatibn of 
the waters in the rivers of Sw^fftrland comes 
chiefly from the melting of the fnows upon the 
rnountains,which appears by feveral torrents of that 
country, and in particular, by thoic which he 
tz\\%7dminna^ the waters of which increafc every 
cvcnirig, in fummer, often to a foot in height, 
tho*it has not raintd all the day. From the di- 
minution 
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Itiinudon of the waters of che Limm being greater 
' than ihe augmentation, M, Scbeucbzer infers, that 
his country is colder than that which is farther 
from cheif//j, where it is winter the greateft part 
of the year, there tw^ing in Swijjerland but two 
months of fumaier, which ought rather to be 
called a fpring. 

V. Ohjervatiom on the maiio/u e/ ihe tongue 
of the wmd'pecker^ By M. Mery *, 

In order to grve a more joft explanation of the 
motions of the tongue of the wood- pecker, than 
that which appears in the works of M* B&reUi and 
M. PerrauU^ 1 IhalJ defcribe more exactly than 
they have done all the parts on wJiich its motions 
depend* 
~ IVotwithHanding the tongue of this bird leems 

I be very long, yet its proper length is certainly 
But 3 or 4 lines j for that of the body and branches 
of the 05 i^Qtdes^ which thefc authors have afcrib^. 
ed to it, do not belong to it in anatomical ftrift* 
nels* 

The tongue of the wood pecker is made of a 
very fliort little bone, covered with a horn of a 
fcaly tiibftance : its figure is pyramidal ; it i% 
articulated by its bafe» with the anterior extre- 
mity of the OS byoiies. 

The OS byoides is about 2 inches long, and i a 
line thick ; it is articulated by its pofterior cxtrc- 
inity^ with 2 bony branches more flender than its 
body. Each branch is compofcd oi a bony threads 
of unequal length, joined together, and clofed at 
the end. The foremoft thread is but i inch f 
long ; the hinder, which was unknown to M* 
Bonllu is 5» or thereabouts, being united to. a 
■ Majch 13 ^ 1709, 
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ikik drttlagc whkk remii nates it; To that each 
branch is 3 times aa long as the body of tha &$ 
tymdis and thai of tl\c tongue together, Thefc 
branches which belotig to the 0$ bygides^ arc ben^ 
in form of an arch \ the oiiddle of which oco^ 
pics the fides of the neck^ the anterior extremities 
pals under the beak, and aie terminated in the 
body of the os ly^ides j their pofterior exrremiEies 
pafi over the bead, and enter the oofeon the right 
lidc ; but it is obfervabk^ that they are not ani- 
culated to it ; which contributes very much to the 
Cgrefs of the tongue, as 1 ihall flicw hereafter. 

The &J hymdes and the anterior thread ^ m 
branches^ are inclofed in a (heath, formed of the 
membrane which lines the infide of the lower beak* 
Hie extremity of thb ll^eath is united to theopea- 
ing of the fcaly horn of the tongue. This flie^th 
is prolonged^ when the tongue comes out of cbc 
beak^ and contracb when it returns. 

The fcaly horn^ which covers the little bone of 
the tongue, is convex above, plane underneath, 
and hollow on the infide : it is armed oa each iide 
with 6 very fine, tranfpareiit, and inflexible poiots: 
their extremity is a little turned towattls the throat* 
It is probable that this horn, armed with thdc 
little points, is the inftruraent with whtcb die 
wood-pecker catches its prey \ which he does 
with fo much tiie more eafe» as this inftrument 
is always lubricated with a glutinous matter^ 
which is poured into the extremity of the lower 
beak by 1 excretory dud:s, which go froio z py^ 
rdmidal glands fituated at the inner fides of cbii 
part- 
To make ufe of thb inftniment, nature hai gi- 
ven the wood- pecker feveral njutclcs, of which 
fome belong to the branches of the ^x hyddai 
thefe draw the tongue out of the beak % others 
<•; ^ - belong 
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belong to thefheath, which inclofes the body of 
the as iyoides^ with the anterior threads or its 
bramches ; thofe draw the tongue into the beak. 
Laftly, the tongue has its proper mufclesi, which 
draw it up and down, and to each (ide. 

Each branch of the os Iff aides has but i mufcle, 
which alone is as long as the tongue, the os hj'- 
cidesy and one of its branches together -, thefe 2 
mufcles derive their origin from the internal, late- 
ritl, anterior part of the lower beak, and in re- 
treating they involve the pofterior threads of the 
branches of the os byoides^ and paffing above the 
hcadj they are at laft inferred at their extremities, 
whence proceed 2 elaftic ligaments, which uniting 
t<^ether form a third, which faftens them to the 
membrane of the nofe. Thefe ligaments are very 
ihort; but are cafily prolonged by being drawn. 
Now as the refiftance of thefe ligaments may eafily 
be furmounted by the contraftion of thefe mufcles, 
it b eafy to conceive, that when they contraft, 
they draw the pofterior extremities of the branches 
of the OS hyoides out of the nofe, and carrying 
them away on the fide of their origin, they drive 
the body of the os hyoides^ the anterior threads of 
its branches, and the tongue out of the beak ; 
which they could not have done, notwithftanding 
the great flexibility of the 05 hyoides^ if its branches 
had been ftriaiy faftened, or articulated with the 
bones of the nofe ; for tho* the arches, which 
they defcribe, maybe extended, they could not 
have been fufficiently prolonged to drive the 
tongue 4 inches out of the beak ; which they do 
with fo much more eafe, as they have their mo- 
don free in thefe mufcles, where they are'inclofed 
as in a canal, and alfo are not articulated with 
the bones of the nofe. 

Vol. III. N^ 28. U To 
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To driiw the tongue into the beak, nature has 

givpi to the iheath which inclofes the $s hymda^ 
and the anterior threads of its branches, two 
muftlcs to pull it back ; and becaule their pro- 
longation and contraction muft be equal to thofe 
of tlieir antagonifts ; fincc the tongue makes the 
lame way in retreating into the beak, as it does 
in going cut of ir, nature has taken care to plaqe 
thele mufcles in tht Uttle fpace which is betweeJi 
the under part of the larynx and the end of the 
bcak^ to caufe each of them to naake two circum- 
volutions a contrary way, about the upper part 
of the trmha^ whence thefe two mufcles draw 
their origin % after which they crofs one another 
behind x^^ larynx^ and at litlr line the infide of the 
Iheath to which they are united i now as its eX' 
trcmity is joined to the opening of the iQ^ly horn 
Lof the tongue, it happens that when thefc two 
Imufcks contraft^ they pull and draw this 
fheath backward, and thus drawing the tongue 
into the beak, they drive back the pofterior ex- 
tremities of the branches of the os iy&idtj into the 
[nofe. The 3 daftic ligaments, which I have 
I ^endoncd, ferve alfo to draw them back i for 
[after having been prolonged by the mufcles, which 
[draw the tongue out of the beak, they contract as 
I loon as thefe niufcles are relaxed, and draw ioto 
khe nole the branches of the os byoides^ to which 
I they are faftcned. • 

There is above the skull a groove, which with 
I the skin forms a can;il, which inclofes the hinder 
Ipait of the branches of the ^'j bymdis^ with theif 
[Biuiclts, in which thefe parts have their motion 
Ifree* This canal hinders the branches of the e/ 
i^ymdis from receding either way when they are 
Id raw n forwards, and makes thim eafily relume 
their place, when they are drawn backwards* 

? If 
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If wc do but refleft on the length of the ton^e, 
die OS Ifyoides, and its branches joined together, and 
on the origin and determinate infercion of the 
inufcles^ which make the tongue of the wbOd-> 
pecker gd in and out of the beak, it will be eify 
tcy judge that M. Borelli was miftaken ; for if we 
conficter, that the tongue of this bird, the os ^• 
oidtSj and the branches joinai tog^thar, sire 8 inl- 
ches in length, and that of this length' there dome^ 
finches out of the beak when it is drawn, wdfhall 
(safily conceive, that the tongue making the famfc 
way in retreating, as it did in going out, the 
mafcles, which pull it backwards arid forMt*d5, 
muft each of them have prolongations aftd c6n-' 
tttiftions of 4 inched and that cortfe^uefJtly thty 
niuft be above 4 inches long, not being ablfc 16 
eiftitra£t their entire length. Thiis, of the 4 firffi 
rndfcles, which M. Borilli allows the tbngue fot^ 
k^' motions, two taking their origin from the ex-* 
. trtftiity of their lower beak, and the two fr6ni 
ttte fore part of the skull, and ^11 the four being 
ihfferted into the middle of this length of 8 inches, 
k' is vifible, that thefe mufcleS could never halve 
fcch- an effcft, fince at mod they would be each* 
of them no more than 4 inches. 
' M. Bin-elli would not have felleri ihto this 6^1- 
rtion, if he had obferved that the tWo niufcfcs, 
whith rife from the beak, run thi-ough the whole 
extent of the body and branches of the os byoides. 
His miftake therefore comes from having divWed 
each of thefe mtifcles into two, and from hiaving 
kAown that the anterior threads of the branches of 
the OS byoides^ at the end of which he jilaces the in- 
fertion of the four firft rriufcles of the tongue. 
Which he hasdefcribed. As for thofe, which turn 
about the trachea^ he knew the true ufc of them. 

U 2 As 
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As for M. PerrauU^ he was much more mif- 
I taken than M, BorellL For firft he makes no 
I mention of the mufcks which incompafs the ira* 
\€b€a^ and yet it is by their aflion alone, that it 
Hs withdrawn into the beak, Sccondiy, he makd 
f.M. Barellih 4 firft mufcles rife from the larynn^ 
[tnd fends two of chem to the pofterior cxtremi- 
[ ties of the branches of the os hy^oida^ and the other 
two to their anterior extremities, to draw the 
tongue in and our, and thereby he falls into the 
^fame inconvenience with M. B&relii ; but this 
ifniftakeis the greater, as there goes no mufcle 
[from the larynx^ to be faftencd to the branches 
[of the OS bycijes. 

In fliorr, the whole inquiry which thefe gen- 
^tlemen have made to explain the motions of the 
^ tongue of the wood-p!£ckcr, is terminated in the 
Itnufcles, which make it come in and out of iht 
fbeakt It does not appear, that their anatomifti 
gave themfelves the trouble to penetrate farther 
[into its ftrufture : thence it comes that thefe gcti* 
tlemcn have toid us nothing of the 4 mufcles pro- 
per to the tongue of this bird, by which it is 
ipoved up and d€>%vn, and to each fide, whether 
it is placed within or without the beak. 

All thefe mnfcles derive their origin from the 
anterior part of the branches of the as lyoides^ two 
from one» and two from the ather» and are ter- 
minated each of them in a long flender tendon 1 
thefe four tendons embrace the body of the &s 
kyoides^ and are infcited into the bafe of the litdc 
bone of the tongue. When all thefe mufcles a<3 
together, they hold the tongue ftrait ; when the 
mufcles of the upper part contraft at the fame 
time, they draw the tongue upwards j when tbofo 
of the under part are in adtioo, they draw it 
fiownward?. But when two puifcles p!aad on 

the 



If^ fame fide aft together, they pull k to thac 
fide. 

Now, as of all the rrmfcles which (er^e for the' 
different motions of the tongue, only thefe four' 
laft arc inferted into it, it is vifible, that the 
mufdes^ which pull it in and out, do not pro- 
perly belong to it» but to the fhcath and 
branches of the cs Jbycider^ where rhefc mufcles 
are inferred as I have fhewn j whence it follows* 
that the motions^ which the tongue makes going 
in and out of the beak, belong alfo to thefc 
parts, and not to the tongue, fince in theft two 
motions it may remain unmoveablc, 

jfn. exflanation ^f the f guns in Plate IIL Fig. t, 

2, and 3. 
^A. The tongue of the wood -pecker, 
^B. The proper bone of its tongue* ^ 

^C» The icaly horn armed with points, jfi which 
this bone is received* 

D, D. D- D. The four proper mufcles of the 
tongue. 

E- The body of the f>s bjoiJes. 

F. F- Its two branches, 

G* G. The anterior threads of thefe branches. 

H, H, Their pofterior threads. 

I, L The two glands J which emit the ghitinous 
matter to lubricate the tongue, 

K* K, The apertures ot the excretory vefTcIs of 
thefe glands, 

L, The membranous fheath, which inclofes 
the m by^idesj the anterior threads of ics branches, 
the four mufcles of the tongue, and the anterior 
part of the two mufclts, which draw it back into 
the beak. 

M. M, The two mufcles, which pull the tongue 

I of the beak » 
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N.N* The two miifclea, which pull it iniol 
beak* 

VI. An explanatim f>f fome faBs in Qptkhy 
and of the mannir m ivhich vijion is /^r- 
formed^ by M. de la Hire -\-, 

We know that the pupil of the eye in moft mi- 
fhals contrads with a ftrong lights and opens con- 
fiderably in thu dark. It is eafy to fee in the 
difiTefti^ii of the eye, that the iris^ which is per- 
forated in the middle, where it is called the aper- 
ture of the pupil, is a circular mufcie, which can 
contr^ft by retreating towards its circuiiifercnge, 
which then increafes the aperture of the pupil i 
but in relaxing^ its parts return from the c^ncri of 
the pupil by an elaftie power > and this h wbac 
diminilhes the pupil. 

To underftand rightly how this change can be 
made in the pupil by the aftion of" the mufcte, 
we muft confider that the body of this mufde 
is toward its circanifeiencc, where it is f^ftencd 
within the eye, and that all its fibres lecm to im^ 
from' the circumference toward the centre, whkh 
they do not reach ; for they are terminated ai ihe 
litde circle, which forms the pupil But this 
mufcie having a pretty confiderable thicknefi to- 
wards its head^ if its fibres recede from each oilier 
according to the thicknefs of the mufcie, wkre 
there ought to be a great quantity of diem> thtir 
extremity which forms the pupil, inuft draw 
nearer to die head, and confcqucndy dilate rhe 
pupil; but when the a£tion of the mufcie oeaJVs, 
the fpring of the fame fibres may replace them ia 
their fir ft ftate, and dofe the pupU i or thtie 
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might be fpme elaftick fibres in this mufcJe, 
which would fcrve onijr for this purpofe; or laftly, 
we might imagine another mufcle of buc little 
thickneli, couched upon the fir(l» the fibres of 
which would be circular, and ferve it for an an- 
ragonift ; for the circular fibres of this murde, 
receding from each other according to their plane» 

I would clofe the pupil, the a£tion of the other 
mufclc having ceafed ^ md ihis opinion feems to 
me the moft nacural, or I am moft inclined to 
foUow it. 

Bur of two antagonift mglcles the ftrongeft 
will always prev^ail, when there is no particular de- 
Kftnination for either; whence it follows» that if 
that which dilates the pupil is the ftrongeft^ as it 
appears to be, we Ihall judge that the natural ftate 
of the pupil is to be dilated. 

The aftion of opening and fliutting the pupil is. 
not of that kind which we call volqntary, but of 

I that which is neccflarily performed by a foreign 
caufe, as it happens to feveral parts of die bodies 
ol* animals. 

It fcems probable, that a very great light 
making too ftrong an impreflion upon the bottom 
ofrbeeye, hurting, and in a manner burning it, 
as when we look at rhe fire, or at a white body 
expofed to the fun, obliges us immediately to clofe 
the pupil as much as pofiiblej to receive fewer 
of thefe too luminous rays, and to remove the 

' danger which threatens the eye* On the con- 

I trary, when we look attcntiveiy at any object in 
the dark, we do all we can to fee diftindtly^ and 
perfe^ly todifccrn all the parts of it, which we 
cannot do without the help of a pretty vivid light ; 
wherefore we dilate the pupil, that there may 
enter into the eye a greater quantity of thefe 
which altogether will make a (Ironger 




im- 



1^2 ^hi History and Memoiks of the 

ioipFeflion by reunitiDg themfdves in die prin- 
cipal organs of nfioD. 

But tho* we are expofed to a pretty flroog light, 
we do noc always clofe the pupiU when we are 
attentive to look upon any objcd):, the image of 
which is to be ftrongly painted on the bottom of 
the eye, which is obfcrvablc in thofe animals, 
which can clofe and dilate the pupil in an extraor- 
dinary manner, fuch as cats ; for when they arc* in 
a ftrong light and quiet, their pupil is alrrioft 
quite ihut I and if any extraordinary objcdt, which 
roufes their attention » prefcnts itfclfp we fee than 
open it at once as nnuch as they can. 

Nature feems to have given a parficutar ftruc- 
ture to the iris of this fort of animals^ that it 
fliould not clofe ciicularly, but fidewife, that it 
may open readily and confiderably in the dark, 
where they moft often feek their nourifhmeot* 

What aitention foever we give to fee the fniall 
parts of an objcdl, the pupil will always be left 
open in a ftrong lights than in the dark^ efpecially 
if this attencioa lafts any timev for a ftroisg' 
light naturally obliges it to fhat, to hinder 
the principal organ of vifion from being hurt. 
Thusj in the dark, or in a faint light, we cannot 
queftion but that the pupil puts itfelf in its natu- 
ral flatc of dilatation^ and that it does not opeoi 
fo much as the equUibrium of the mufclcSt 
which compofe the iris^ permits^ as it happens 
to all the parts of the bodies of animals, which 
are moved by antagonift mufcles. 

The following obfcrvation is pretry commoR, 
and thofe who have made it have alway ' " vcd 
the fame thing. If you plunge the i_ . Si % 
living cat intowater^ the pupil immediately qyite 
opens itfeifj tho* the animal is expofed to very 

bright 
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?righc objefts ; and then you may fee diftinftly 
^^ leaft pares that are at the bottom of the eye. 
^vl undert^ike therefore to explain here by the 

fSws of opticks : 

II ft. Why luminous objefts do not by their" 
rfence oblige the eye of this cat to (hut* 
ad. Why we fee the boctotn of the eye di- 
Let O * be a luminous or very bright obje^, 
which the rays OB come as parallel to each" 
other as far as the corma BB, the objeft O being 
at a moderate diftaoce from the eye* It is known 
that the eye being expoied to the air^ the greateft 

Mraftion of the rays O B is made at firft iipon^ 
V €^rneay and that afrerwards, after twoochei 
raftionsj much lefs than the firft, upon thd'' 
furlaces of the cryftalline, thefe rays meet in D* 
upon the bottom of the eye, which we call 
good conformation. 
^«But if the eye BB D is plunged in the watel 
^■A, fo that the furface A A is perpendiculd 
^Bihc raysOBj which come from the obje<ft '' 

»lhe eye, then rhefe rays O B meering the fur^l 
& of the water A A perpendicularly, will fuf 
no refraftion therein, and will enter the eyd 
a-crofs its humours, which are but little different 
horn the water, fuffering a little reffaftion there 
in % whence it follows, that they will have a di-" 
wilioo to aflfemble towards E, very fir beyon*J 
the eye, and confcquently that they will meet the 
boctom of the eye in paints FF, diftanE from each 
^ther, inftead of meeting in the fanie point D. 
^^^ut the rays of the luminous point O, which^ 
flro entered into the eye, occupying at that time 
a very confiderable fpace FF on the bottom of the 
eyc^ will make but a veryfaint impreflTipn on it, 
Plat^IIL Fig. 4, 
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whereas they would have totichcd h very briskly, 
if they had met in Di wherefore this luminous 
object in this cafe mull not obHge the pupil to 
con craft, Bcfides this animal being in a violent 
ft^ce^ gives atteoiion ro all that furroands it, 
which mult alfo oblige it to keep its ptFpil very 
ojicn, as 1 haveobferved already. 

For this rcafon nature has given fiihes^ which 
l^Ve in the water, a very convex, and armoft 
fphericai cryftalline, that the rays of objefts* 
which are in the water, and fulFer but little rc- 
fraftion in palling thro* the corma^ may turn 
fufficiently upon the furfaces of the crylhv]|rne» to 
be coUefted on the bottom of the eye. And if we 
find, that fome d.ivers perceive obje£ls in tiie wa- 
ter at a greater diftance than they would in the 
air, it can be nothing but a particular cafe of the 
conformation of the eye of thefe divers, who hav- 
ing the fight very fliort, becaufc of the very con- 
vex figure of their cryftatline, can fee very di- 
flinflly in the water, like fifties, diftant obje& 
of which the rays in the air would meet between 
the cryftalline and the bottom of the eye, and 
meeting the bottom of the eye in aconOderable 
(pace would be there confounded, afid conr(!qtJCf]t> 
Jy would make a confufed vifion. 

We muft now explain why, when the eye of 
the cat is im merged in water, we perceive di- 
ftindly all the pares of the bottom of the eye, as 
' if it was not filled with humours. 

It is certain, ihat the larger the windows of any 
room are, the brighrer the objed;s will be thert- 
'in, and the more diftinftly feen; wherefore we 
I have a better view of the parts of ilie bottom of 
.the eye of the cat immerged in water, when the 
DUpil is very much dilated, than if ic was cofl* 
[iraftcd. But it is not only the great aperture of 

the 
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tko: pupil, which cpakes us lee objects diftinf^Iy^ 
iince in men, who have the gutfa ferena^ and 
whpfe pupil is very openj we cau perceive nothing 
it the bottom of the eye, which is expofed to the 
air. It is therefore the >yater, which touches the 
qfiC, that makes us lee thefe obje(5ls;, and this is 
what we muft explain by the fame principles of 
ibpcicks, which we ufcd at firft. 
* When an eye well formed is in. the air j the rays 
which diverge froni a point D * of its bouom, 
^ytng paffed thro* the three furfaces of its hu- 
ODOurs, turn from them in fuch a manner, as to 
<:ome out almoft parallel to each other ; wherefqre 
wc can fee this objeft D diftinftly ; fince rays 
Aat are parallel^ or almofl: parallel, always make 
a diftinft vifion in our eye, and yet we do not fe? 
diisofcgcft D. 

- Let us now examine what muft happen to the 
ikmc rays, which diverge from the point D of 
ihe bcxttom of the eye of the animal, when it is 
tmmerged in water. 

: Let BB D, as before, be the eye of th? ani- 
mal immergcd in water, of which the furface is 
A -A. it follows, that the rays D B, which di- 
targp from the point D of the bottom of the eye, 
bcipg a little turned or refrafted upon the two 
fucfaces of the cryftalline, muft meet the cornea^ 
while they are yet diverging : but as in coming 
6at of the cornea.m B B, they meet the water AA, 
the refraftion of which is not fenlibly different 
firom that of the aqueous humour, \ybere they 
pafled in touching the cornea^ they miA continue 
riieir courfe in the fame right line, and continue 
ftill diverging quite to the iurface of the water in 
A, whence at laft they muft go out to enter into 
the air, being yet- more diverging than they were 
•Fig. y. 
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in the water by the laws of dioptricks ; and con^ 
fequently wherefocver we place our eye to receive 
thefe diverging rays, which are then dirc6ted as 
if they cattie from the point E, nearer to the 
cornea than the point D, we may very diftinftly 
perceive the point D, as placed at E and in the 
air. 

This is what the plain furface of the water pro*' 
duces upon thefe rays ; but there is alio anclther 
obfervation to be made, which (hews us why we 
do not fee the objcft D of the bottom of the cyc^. 
when it is out of the water ; and why we fee ic 
when it is immerged. 

The furface of all well polifhed bodies lendt 
back the light, and fends it back. or reflefts it Xcr 
much the more ftrongly as ic is more poliflied ; 
and if thefe polifhed bodies are alfo transparent, a 
part of the light will pafs thro* the body, and an- 
other part will be reflefted ; and this will .always 
be in proportion to the tranfparence and poliih.^ 
But as we have no bodies, whofe furface is moro 
poliflied than that of liquids, we might fay there 
would enter into the eye expofed to the air, much 
fewer rays of light, than in the water, if the cor^ 
fiea was not always covered with- a clear and 
unftuous liquor. This, therefore is not the rca* 
fon that we do not fee the bottom of the cycy 
when the cornea is expofed to the air ; and that 
we do fee it, when the eye is in the water ; for 
if the rays of light are reflefted upon the comes 
in the air, they will be refle<fted alfo upon the 
furface of the water, and almoft in equal, quan- 
tity ; which is contrary to the opinion of fome, 
who have pretended that a great many were loft 
upon the cornea in the air, and have not ob* 
ferved, that no fewer were loft upon the furfaoe 
of the watcn 

But 
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feat it is not fo much the quantity of the rays 
that are reflected upon the cornea^ or upon the 
water, that muft be confidered, in what may 
bring fome interruption to a very clear vifion^ 
the* the rays are rightly difpofed to make it, as^ 
the . direction of the fame rays reflefted. For if 
thefe reflefted rays are parallel, or nearly fo, to 
the a^is of the eye, which meets the principal orgaa 
of vifioni where we fee the objefts mofl: diftinftly^ 
and where the objedt, which we confider atten- 
tively,, is painted, we muft fee a pretty ftrong 
light in this place, and this by its brightnefs will 
hinder the diftinguifhing of thefe objefts, which 
othcrwife are of a dark colour ; and this will hap- 
pen lo^t cornea of an eye, tho* the light illu- 
laminates it only aflant. For the cornea being 
of a convex figure, fome rays may ftrike upon it 
oblicfudy, which will be directed altnoft accord- 
ing' to xlcift axis of the eye of him who looks) 
which does not happen to a plain furface^ which 
wouki be perpendicular to this ^^/V, where thefe 
rays, would be refledled according to the fame in- 
dination to the furface, with which they had met 
it. Wherefore we can fee much more diftinftly^ 
and without the mixture of this foreign light, the 
parts of the bottom of the cat*s eye immerged in 
water, than if it was expofed to the air. It is for 
this rcafon alfo, that when we are in the air out of 
a' room, and k)ok thro' glafs, tho'everfo clean^ 
upon the objefts therein,we cannot fee them without 
difiiculty, becaufe of the inequality of the furface 
of the glals, which reflcfts the light every way. 

We may make the experiment of what I here 
advance, by looking at an objeft thro* a round 
glals bottle, 'and afterwards thro' a piece of plain 
glafs, the light playing in the fame manner upon 
the fphcrical and plain furfaces of thefe two glaflls : 

^ for 
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for the head of him that looks near would hinder 
the rays which flioukl f;ili upon the plain gl;ifs, 
and might be refledled in the eye towards the axis 
f>f vtfion I but it will not be the fame thing upon 
thefurfaceof the glafs bottle, where fome will 
always enter the eye almoft parallel to the dxisi 
becaufe of the convex figure of the bottle. 

In what I hq^e hitherto faid, I did not think it 
Bcccflary to exprefs what part of the eye I rook 
fur the principal organ of fight. But one of the 
moft famous anatomifts of this company having 
examined the fdft> which is the fubjeft of this 
jmemoir, and having accounted for it very learn- 
edly by the motion of the animal fpirits in the eye 
of the cat, is for the chqroides in oppofition to the 
tetina^ following* as he fays, the opinion of M. 

M. Mari&iie*$ difcovery is one of the moft cu- 
rious that has been made in philofophy^ and as the 
experiment is very eafy to make, we could not 
doubt of it. Yet I here repeat, that the defeft 
of vifion at the place where the reiina is per T * 
by the thoroides^ proves nothing figainft the ; 
and that the cbsroides can only beconfidercd asa5 
intermi^uiate organ, which communicates totherf- 
tina the vibration or motion, whichit receives from 
the light with its different modifications. And 
^can we look for the principal org:in of a fenfe anjf 
where but in the nerves, which communicate witli 
the brain* and can inform the foul under different 
appearances of what palTes out of the body, and 
that b. the interpofition of a certain medium pro* 
per to move them i for the nerves are too delicate 
parts to be laid open. 

It will be the fame with regard to the other 

tlenfes, as to the fighr, and we cannot lay, that 

the skin* which covers the whole body, is t)xt 

prin* 
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principal .or^n of feeling, nor that the mem-^ 
brane of the drum of the ear is that of hearing 5 
any hipre than that the skin of the tongue is that 
of tafting, becaufe, when this skin fe burtit, wft 
jjave no fcnfation of taftes. 

The black colour of the chorQides 15 vety prof 
pfer to be fenfibly fhaken by all thfe different and 
leraft motions of light, as we fee in the experinienc 
t^f the white paper expofed to a burning nfiirror^ 
which cannot be inflamed unlefs -it is blackened ; 
for the motion of the particles of the body whi<^ 
Cranfiniti the light, or the light itfelf, aAs ftfonigl|r 
i^mong the points kt with black *bodies whetda 
it is engaged 5 whereks it is only teflefM upoii 
ivhite bodies, which are compofed only df Very 
fmooth parts like little mirfors. The retina there- 
fore will not be fhaken by a reflciftlc^ off the !u- 
minoiis ray^ upon the choroides^ which is blacky 
99. our anatomifi pretendis. In fh6rt, the cdnclu- 
'^QTi .of his memoir fliews me, that he is not tX 
M,. lilar totted opinion, a$ he fay3 he is, bilt tkac 
^ has followed mine, changing only the defini* 
tfon of the principal drgan of vifion, wltich hto 
ajR:ribes^co the choroides^ and I to the retina. Thie; 
the . whole difference betw^n him apd me wU 
he, jn the name pf the principal Organ, for he 
miikes vifion c6nfift in a reflection pf ehe lutai- 
QoUs fays Upon the chotoides^ and I in a fhakingof 
d»e parts of the cboroides^ to be tralnfmitted tii 
the optic nerve or to the retina. 
V. AsTdr M. Aftfn>//^':S opinion, he thinkis, thattke 
cboroides is the principal and only or^an of vificiiH 
and that this membrane alone carries to thebrain'the 
ienfations oif colours, fince Ip^ing a produftion of 
thi^pia wtf/^r it accompanies the opticnervc all the 
tjtoy to the eye, where being arrived, it forms the 
OforQides \ and laftly, that the joptic nerve fervea 
• ' • • ' ' f gnlj: 
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only to contain the fpirics, and that it has na 
fibres. 

But it feems to me not eafy to conceive, how 
die foul €an have a fenfation of a very great quan- 
tity of objefts, which are perceived all at once, 
and in the order in which ihey are ranged, without 
imagining an infinite number of very flender fi- 
bres, which compofe the optic nerve, and are dit- 
pofed in order on the whole furface of the retina^ 
which the membrane alone of the pia matefy or 
of the cboroidesj could not do without a great 
confufion, even tho* it had fibres like thofe of the 
optic nerve. But we fee that the funftions, which 
1 have aferibed to the choroides and to the retina^ 
iiXt both together neceiSrary for vifion, and that 
one cannot be done without the other. 

i could add alfo in this place, that we perceive 
colours only by a fenfation of heat*, for no body- 
imagines there is light without beat, whether th» 
light comes dircftly from the luminous body, or- 
by refkftion. But as this heat is ufually fo faint^ 
cipccially if the luminous body is very diftanc 
from the body which it illuminates, there muft 
enter into the eye a pretty large quantity of thcfe 
rays, and at the fame time they muft ineet in a 
point upon the black body of the cboroideSj to 
make a ftronger impreflion upon it, and to make 
no confufion with thofe which come from other 
luminous points, and quite near, and modified ia 
diflferent manners, which the fcnfe of feeling can- 
not perceive. This is a thought, which 1 think 
might be fupported by very ftrong reafons, 

Vli. 



ROYAt AC™EMY ej/SeiENCES* 2ol 



fll. Jn examination of a confiderable diffi^ 
euky propofed by M, hlnygcm^ againji the 
Czvtcfmn j^'/iem of the catije of graroity^ by 
M. Saurin *. 

The moft ordinary efFefts of nature, which are 
dc Icaft ftriking to the vulgar, are not always 
fiich as give the leaft degree ot exercife to philofo- 
phers. Such is the fb^tmmenon of gravity* A 
ftone thrown up in the air falls down dircftly up- 
on the furfacc of the earth ; people do not u(e to 
be farprifed at it: and yet to find the caufe of 
this falli is one of the moft difficult problems to 
be refolved in phyficks \ and we are nor yet ar- 
rived to a fo!udon[fafiiciently demonft rated, which 
throws a full light upon all the difficulties. 

1 have undertaken a little creatifc upon this fub- 
jeft| which I have begun to read in our parti- 
cular affemblies* The academy may fee, that I 
place the caufe of gravity in the centrifugal effort 
of the celeftial matter which furrounds us i and 
that I make this effort rife in it, from its circular 
morion about the axis of the earth, according to 
ihe notion of the Carte/tan vorikes. One of the 
principal objefts that I have propoled in this little 
treatjlc, is to defend this opinion againft the dif- 
Bcuhies, which have made two of the greateft 
geometricians of our age, M, Huygens^ and Sir 
L Nctvtm who rejeft the by pot hefts of the vartices. 

M, Hiffgens makes three objeftions agaicft this 
ffoibefis^ m hisdifcourfeon the caufe of gravity v 

jt only two of them appear to nie wonhy of 

lOderation, It is of one of thefc two, which 
often been repeated after him by a great many 
authors of all fizes, that we find a folution in the 

• April lo, 1 709. 

Vol. III. N". 25. Y fecojid 



ioz the HnTonv and MEMOIRS of tti 

[^iccond Journal dis Sfavans for the year 1703, I 
was willing to cxpofe this folution before- hand to 
the criticilm of ihe learned^ that I might be fore 
l^ot to deceive myftlf in thinking it fupponed by a 
liae Jemonftracion, and to take advantage of the 
Dew lights, which their reflexions might give 
me* It has merited the attention of two authors, 

I' 1^ ho pretend^ not without reafon, to beprofoucvd 
i$\ tliefe matters, and are not much difpofed (O 
favour me ; but tho* rhey have combated it with 
a good deal of fpirit, one in his Re^herchfs d$ 
Pbyjtque t? de Maihimatique^ and the other in the 
Memoires de ^revoux \ I will venture to fay, that 
^hey have not weakened the confid^^nce that 1 
bad in the fecurity of this folution. 

The other objtftion of M. Huygcns is to be the 
iubjcft of this memoir, and I muft own 1 am not 
yet perftdly fatbfied about it* Therefore I fball 
not give this inquiry, as I did the fortnery ite 
liile of a fojutbn, but of an examination. 

|n heavy bodies we perceive but two thingt 
ckarly j one, that being kc go in the air th^y 
move according to 4 direAion which tends nearly 
10 the Centre of the earth v the other, that ihey 
^^odeavour to move according to the hn^S^ line 
when they are retained : and it is exaftly thUt^ 
fort with which they prels, or pu(h what rccaim 
thtm, tliat is called ^r<ji;//y. 

It is evidrntj th u rhefe tw<i things arc the cf^ft 
of one and the fame caule, Tlic force, of what 
nature fotvtr, which makes the heavy bodies move 
according to the cor flan t direftion obfcrved by 
them, i% ihe very lame that makes thefe bodJCP 
prefs accor^-ing to the {apie diredjonj (he plM^ 
oppofcd torettun them, , ,,1 

Tl»e quisftioq ilicrcfore about gravity i5» only 
to give the realbii oi a ccri^ain m^iop^ iiamcly, 

t 4 ^n 
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di that particular motion, which carries bodies 
td^ards the centre of rhe earth, which on that 
account are called hmvy. 

Ifweconfult our notions of the phyfical caiifc 
of motion, they will prefent us with nothing clear, 
nothing diftinft but the fiiock or impulfe: thus it 
i* by this principle that we mufV give a rcafoti 
for the motion of which we are feeking for the 
CttufCj or abandon this inquiry, and give up the 
hope of ever being ab!e to explain in an intelii^ 
gible and reafonable manner the pb^enamemn of 
gravity i and if we fhould not fucceed in explain* 
ing it by this principle, it will certainly (hew the 
inlufficience of our knowledgej but not that of thft 
pHnciple, 

See therefore according to this notion, in what 
lantTtr we philofophife upon gravity with M, 
^nygins. Heavy bodies move toward the centre 
of the earth \ thci efore they are driven thither* 
Bodies cannot be driven but by other bodies ih 
motion which fhock them ; there are therefott 
her bodies in motion, which ftrike thofe which 
call heary^ and by this fhack drive chem whi* 
cr we f^ tiiem tend* Thefc other bodies jtrfc 
}i perceived j it is tliertfore a fabtile mafref, 
hich the delicacy of its parts hinders us fronPi 
ing J and as we know befides, by a tho^f^nd 
her effects, that the tMrrh fwims in a fluid of an 
icooceivable fubfihy, which furrounds it on a[l 
ies, there is no room to qiieftion its being to i\m 
btile matter^ that we are ro afcribe the im- 
Ife, which produces the motion of the heavy 
dtc4. ^ 

But how does it produce it? To explain rhk 
in order* f fhouki make long deductions v but 1 
it them, and come direftly to the point. It 
IS Its circulating about the earth whh an extreme 
IC z rapidity % 
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rapidity : in this circulating it makes an eflfoit < 
recede irom the earth ; and the grofs bodies 
having the iame motion, and noc makmg tlie 
fame eUbrt, muft be neceflarily ditvoi towards 
the earth* Tims far M. Huygms and I haw 
gone hand in hand, and philofophiied m con^ 
cert : but now we arc going to part j and 
this is the point of our fcparation. iA. Hmygms 
makes the celeftial matter move circularly evcjy 
way about the centre of ihc earth \ that is^ io fajs 
fyftem the centre of the earth is the commoh 
centre of all the circles defcribed by the celeftial 
matter : whereas, according to Difiartes^ it is all 
moved the fame way about the axis from W. to 
E. and defcribes circles, of which the planes are 
parallel to that of the equator. It is chis byp&the^ 
Jis that I defend againft the two objedions of M, 
Buygtm, 

The firft is drawn from the direftion which 
heavy bodies obferve in their falL M. Huygms 
pretends, that in the fuppofition of parallel cir- 
cles, defcribed by the celeftial matter^ the bodies 
ought to fall according to lines perpendicular to 
ihe axis of the earih, and that they would be 
driven toward the centre only in the plane of the 
equator v whereas we learn from the cxperimenr, 
that they every where follow the fame dircSbn 
.which tends to the centre. This is die obje6tioii, 
which I think I have fufficiently anlwered in the 
Jmrnal des Sfavaj;s. 

I Otall now examine the fecond. M. Huygm 
oblervesj that to produce the di gree of gravity* 
which we find in the terrcftrial bodies, the ve- 
locity of the celeftial matter, which muv^s circu- 
Jarly» maft be much gruictr than the velocity cl 
the tlaiiy motion of the carch about irs own mu. 
Whence he concludes, that if du^ cckilial matter 

moved 
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"ffio?td the fame way with a like velocity, it would 

be impoffible for it not to can-y away with it all 
the bodies which are upon the ftirfacc of the 
cartht by the continual effort of fo rapid a mo- 
don, which does Dot happen. 

I ihall propofe this objection in its full force, 
The bodies, which are upon the earth, being car- 
away with it about i^s own ^xh in 24 hours^ 
ECcffarily make an effort themfelvcs to recede 
|om the centre, and thtir effort is proportioned 
the velocity, which carries thetn along. If 
the cekftial matter moved circularly, only with 
ae fame velocity that the earth turns, it would 
lake no more effort to recede from the centre of 
le earthy than the bodies do, which are upon the 
mhi and confequcntly there would be no gra- 
ity 5 thefe bodies being thrown into the air 
irouM not fait back again. To whatfoever place 
the furrounding fluid they lliould be carried, 
^d afterwards let go, they wouM remain fufpeti- 
ed and at refl", as they would be in eqtalihrio 
riih an equal bulk of the celeftial matter. 

The bodies therefore which are upon the earthi 
re heavy, and being thrown into the air, fall 
luwn again, only becaufe the celeftial matter 
ssikes more effort to recede from the common 
cntre than they do: and if we retrench their 
Furt from that of the celeftial matter, the quan* 
liy of effort which fhall remain, and is the de* 
grce of force with which they are driven toward 
Jvc centre, will be exactly equal to their degree 
Df gravity. Thus theccltilia] matter mull circulate 
ifter than the earth turns ; and the exccfs of its 
relociiy above that of ihe earth muft be fuch, 
ihat there may refult from it this quantity of 
3rt equal to the degree of gravity ot (he tcrw 
reft rial bodies. 
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M. Buygens has found by an exaft mqu 
that it required the circular motion of the celeftid 
matter to be about 17 times as quick as that of 
the earth* This calculation \% founded upon a 
curious propofition -, but it is a little cmbarraflTcd. 
It may be made in an eafier manner by fuppofing 
the truth of another theorem, which is very caftly 
dcmonft rated. This theorem is, that in equal 
time the fpace run over by a body which hlk 
perpendicularly, is to the fpace or arch run thro* 
oy the cekftial matter, which moves circularlyt 
and produces gravity, as the fame arch is to the 
diameter of the circle which it defcribes. And 
confequently il the number of feet, which this 
diameter contains^ is multiplied by the mimberof 
feet, which a body that falls perpendicularly ruGs 
over in a fecond, this produft will be equal to the 
fquare of the arch, run over aJfo in a fecond by 
the celeftial matter. We know by eicperiments 
made with a great deal of exaftnefs that a bodVf 
which falls perpendicularly, runs over about 15 
feet in a fecond : the diameter of the circle dc- 
fcribed by the celrftial matter near the earth, mi 
being fenfibly different from rhat of the earth it* 
felf, is 39,231,600 feet. Therefore by the theo- 
rem, thcfe 2 numbers multiplied together, will 
give a prcduA equ.il to the (quare of the arch rmi 
over by the cetertial matter ^ and the fquare root 
of this produft, which is 24258, will be the 
number of feet equal to the arch run over. There- 
fore, to produce the degree of gravity, which we 
find upon theearrh, the celellial matter runs over 
24,258 teet in a fecond. 

The earth making a revolution in 23 ,56', m 
in S6,i6o'^ and the circle which icdefcribes, be- 
ing 1 23,149^600 feet, what it runs over in a Se- 
cond muft be 1430 feet i. Tlius the vdocity of 

die 
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tlic cekftial matter^ which makes it run over 
' 24^1158 feet in a fccond, is to that of the earth, 

which runs over only 1430111 the fame time, as 
' the firft of thefe numbers is to the fecond* Now 

Kfve- divided ihele two numbers one by the other, 
ihall 6nd they are nearly as 17 to i* In tnea- 
ing iherefore the degree of gravity by the fole 
^^ntrifugal efibrc of the celeftial matter, whith. 
JKmes from its circular motioot it is demon- 
^ft rated that the velocity of this motion muft be 
times as great as that of the daijy motion of 
earth, or furpafs it 16 times. 
But to know dill more exaftly how far the 
ifficulty goes^ let us examine what imprefliort 
lis prodigious velocity, which we are obliged to 
fcribe to the cekftkl matter, can make upon the 
irreftrial bodies, and we ftiall fee if any means 
rtU ofier to render it inlenfible. 
The late M* Marioile made a great numbcf 
experiments on the force of the (hock of 
lids^ and in particular of water and air. He has 
aund*, that water going with a vck>city, which 
[lakes it run thro' 3 feet % in a fecond, and with 
Us velocity ftriking perpendicularly a furface of 
a foot Jquare, fuftains a weight of 3 lb, ^; 
htis alio determined, that the air going 24 
les as faft, made exaftly the fame eftbrt. Thus 
^air tufining thro' 78 feet in a fccond, and with 
lis velocity fhocking a furface of i a foot fquare, 
Jppofed perpendicularly to its courfcj would 
"jftain a weight of 3 lb* ^ : but if we allow it the 
elocity by which the celcftial matter rurpaflTes that 
&f the earth, what weight will it fuftain? It is 
pafy to calculate ii; The efforts of the fame fluid, 
i\%K\\ goes with different velocitie&^ are to each 
Other as the fquares of the velocities. The velocity 

• MvM^emrni dff iatt^t p* 187, and 195* 
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of the air, which makes it fuftain 3 lb* ^, is 78 
fare in a ikond ; that of the celeftial matter, the 
Telocity of the earth being fubftracted from it, 
is 22»S27 I : fay, as the fquare of 78 is to the 
iqaare of 22,827 1, fo is the weight of 3 lb. ^^ to 
a 4ih term : this 4th term will give the effort of 
thcair, or the weight Ibught, In performing 
this operation, wcfind, that if the air went with 
the velocity of the celeftial matters it would 
foftain a weight of above 320,0001b.* 

In this calculation, we have followed the de- 
termination of M. Mariolte^ who allows to 
air a velocity only 24 times as great as that of 
water, to make it fupport the fame weight that 
water does 5 but other experiments prove, that it 
muft go 30 times as faft % and if we follow thefe 
raperimcnts, the weight which the air will fuftain 
with the velocity of the celeftial matter, will 
be diminifhed, but yet it will be more than 
200,000 lb t» 

Such would be the force of the air carried 
along with the velocity, which agrees with the 
celeftial matter to produce gravity. Whence we fee, 
that tho'the effort of the celeftial matter moved 
with this rapidity ihould be but ^-daooo part of 
that of the air, it would however fuftain the 
weight of one pound, by afting againft a furface of 
f a foot fquare, and that if it was near 2,500^006 
times weaker, it would ftill fuftain the weight of 
an ounce 1 lb that if a body that weighed but an 
ounce was fufpended in the air at the end of a 
thread, and oppofed a furface of half a foot fquait 



* It is cxaaiy 321,187 lb. 
and 14,^0^ 



lb. and 2,^%^ 



34,536 



53,025 
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to the conrfe of the celeftial matter, it would' 
drive it from weft to eaft, with an effort whicb^ 
would caufe it to make tKat way an angle of 45 
degrees, abftrafting all ocher refiftance but thac 
of the fafpended body. 

It would be impoirible»becatife of the refiftance 1 
and continual agitation of the air, and of fcveralj 
other confiderations, to determine exaftly hovr 
much the effort of the ceJeftial matter with equal i 
velocity muft be weaker than that of the air toi 
become infenfiblc, but it appears to me, thatiCj 
muft be 3 or 4 millions of times. It remains ii]i\ 
know, whether it can be fuppoled wirhrsut abfur- 
dtty^ or whether we can giv^eany probable reafon, 
of the weaknefs of this eti^ort. 

We know that fome fluids are more or leS 
fluid than others, and that they make more or \ 
lefe refiftance to the motion of bodies % and con- 
fequently more or lefs effort againft bodies at reft, ' 
when the fluids themfekcs are in motion. Thus 
we have juft fcen, that the air muft go 30 times 
fafter than water, to have an equal impetus: 
whence it follows, that going wiih the fame ve- 
locity as water, it muft make 900 times lefs effort 
tn water, 900 being the fquare of 30, The rule 
ich is given upon this point, is, that the 
effbfts of different fluids which go with the fame 
velocity, are as their den fi ties j it is upon this 
principle alfo, that we make the air 900 times 
thinner than water. This confequencc however 
might be falfe^ for the role upon which it is 
founded, is notexatftly true, but when the fluids 
compared differ only in denfity. In that cafe it 
is eafy to comprehend, that if, of 2 fluids car- 
ried along with the fame velocity, one is for in- 
llance twice lefs denfe than the other, it muft 
make twice lefs effort j for at each time the body. 

Vol, III N'. 29. Z againft 
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kgainft wbicb it ids, is (truck by twice fewer 
particles, and confcquencly is twice lefs ftrwdc 
The rule thcrrfore is- certain and evident, but k 
is defcftjvc^ becaufe tliere are in fluids a gfeat 
many other differences to be regarded. The force 
of tbe ihock. in thofe, which go equally fafl^ ^oes 
not only depend on this, that in equal time tfety 
ftrike with the Cam of the effuris a greater or kit 
quantity of particles ; but in this alio, thar they 
make more or lefs re&ftance to the diviOoni 
riiat is, die particles have more or lefs oit 
to be ^feparated or difplaced. Now a grettet or 
lefs facility of being ditpbced may have feveral 
caufes, and by the concourfe of all thefe caufe3 be- 
come as confiderable as we pleafe, 

'The firft caufe that prefents itfelf, is the diffe- 
rent degree even of denfity. I have made yjeof 
denfity already : it is a double ulie that I make^ 
Jt^ but not a bad one •, and it comes here Mt>^ 
another confide rati oil It is pHiin, that a B^id 
mud b^ ib much the more ealy to dividcj is its 
particles are lefs clofe, and Uk near to ea^h o- 
thm that i% fo much the moi^ as it is the kfc 
denlc. The more or lefi afperity, or ineqMii*t| 
in the furhces of the particles, and their figMWf 
more or lefs irttgular and embarraffing, ane IW 
other caufes worthy of attention, which may pro- 
*duce great differences, with regard to the feicility 
of fluids to drvide, and confequendy in the tuKr 
of their (hock. 

1 thought at firft, thiit I might add to thefe tr- 
[tides the different titgreCQlfubcilty, And m^e4 
Wt was natural enoi^h to think, that, fuppofing 
r^U other* things equal, thq fluid, which had i^ 
[•particles the leaft grofs, fhoukl be dividi?d with 
^^moft facility, and make leaft effort Againft tiiF 
obftaclcs opiiofed to iu courfe. This thoogbc 
3 quttf 
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quite pl^fed me : it furnifhed me wich the eafuft 
way m the world to reduce to nothing tlie force 
of the fhock of the cdcftial matter, which we 
may make as fUbtile as wc will ; but in feeking 
10 dcrmoaftrace a propofition, which appeared to 
mt fo probable, I have found, contrarj to my 
eHpetS;xi:ion, tho* after Sir L Newion^ that it was 
fcrlic, and that two fluids of the fame nature, aiad 
dcnfity, which differ only in the fmalltielsof thti^ 
p3tticles, nmke an eqaal refiftance to the moiioii 
of bodies', or^ if the fluids tlkinfetves move, 
hxvz an equal impetus. 1 confefi I have beert 

r^ach grieved upon this head^ and it was not till 
bfrcr thoroughly difputing againft my own de- 
monft ration* that I confented to throw it a fide. 
] However, let the notion be ever fo falfe, from 
*hich I ihouglit I might draw fo great an advan- 
Ugc I yet the more or lefs fubtilty is ftill a mate* 
tki confideration in another part; for a fluids 
which HiouM be fo fubtile, that all bodies woul4 
give it a free pafiage thro' their pores, would 
without doubt ftrike thefe bodies with much left 
force, than another fluid of the fame nature would^ 
jpf which the. particles would be too grofs to be 
-iible to pafs thro' the pores of the I odies, It i$ 
evident> that tho* cheie two fluids Were of the 
fame denfuy, they would fall in proportion tothc 
ctittl of the fliDcli in the cafe of two fluids un» 
equally denfe 1 all that in the fubtik Huid con* 
tinues its courie thro* the pores of the bodies^ 
freely and without fliocking them, not being t^ 
be rtjckoned. Now how far ri"ay doc that go ? 

The ttxture of the muft folid bodies ispcrhcips 

inflnitely more rare than we ttnnk. What is veiy 

Certain, is, chat the fenfes and imagination deceive 

u^ therein. It we confute them, who would fay 

Z i that 
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that what a bit of oak contains of its own proper 
matter makes but the 2oih part of the bulk under 
which it appears ? Perhaps it may not make the 
thoufandth part, or the hundred thou&nddi j btit 
at leaft it is eaiy to demonftrate that it does no« 
make the 20th* The wood of oak weighs kk 
than water, and water weighs near 19 times left 
than gold. A bit of oak therefore weighs more 
than ao times lefs than a bit of gold of the fame 
bulk r but it is a principle demonft rated by Mt 
Huygens himfcjf, that the fpecifick weight of 
bodies exadly follows the proportion of the quan- 
tity of proper matter which they contain under an 
equal bulk. Upon this principle, a bit of oak 
contains 20 times lefs propter matter than a bit of 
gold of equal bulk 5 and confcquently, by fyp- 
pofingthe gold perfeftly folid, and without pores, 
which is very far f ronn being true, the quantity 
of proper matter, which a piece of oak contains, n 
not the 20th part of its bulk? certainly our eyes 
do not tell us io. By the iame reafoning, a body* 
which fhall weigh 20 times lefs than an equal bulk 
of oak I and 400 times kfs than an equal bulk of 
gold, will alfo contain 20 tinnes lefs of its proper 
matter than the oak, and 400 times Itis than the 
gold r do the eyes judge thus of it ? 

I have no light into the abfolutcfolidity of bo- 
dies : I know by the weight the different propor- 
tions of denfity or rarenefs between them i but if 
weconfider a body in itfelf, and without compar* 
ing it toothers, it is impoffible to know what its 
abfolute degree of Iblidity is ; that js^ to d:tcr- 
mine what proportion there is between the quan- 
tity of proper matter that it contains, and Its bulk: 
thus I know that a piece of oak is 20 times Ids 
fohd than an equal piece of gold % but thrn to 
Ijvhat degree is this piece of gold fulid ? How 

many 
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any pores has it ? How nrnch proper macter ? 
This I am abfolutdy igaorant ofj or rathor I 
know with the ucmoft evidence* that it cannot be 
known i and I dare advance this propofuion^whlcb 
may icem a paradox, that if we would maintain^ 
that in a piece of gold^ there ii not of proper 
matter the hundred mill ion [h part of its bulk^ wc 
might indeed maintain it without a poficivc proo^ 
but wc might boldly defy the natural philofophers 
to demonftrate the contrary. 

1 do not doubt but the imagination of thofe^ 
who judge of every thing by their fenfes, is (hock* 
cd at it. Gold is the moft heavy of all the bodies 
that we know ; it has always fcemed very pon- 
derous to them, and theretbre very mafly ; this 
confufed nofion will alwrays pafs among them for 
an experiment as evident as a demonftration : but 
when we fupport a weight, the lenfc of gravity 
that we have is relative to the degree of ftrength 
that we have to fuilain k: what a man finds light 
is an enormous weight for a childj and we might 
have fuch a ftrcngth, that the moft heavy mals 
would feem as light as a feather. Thus in judging 
by the fenfe, men a thou land times ftrongcr than 
we, finding gold 1000 times lefs heavy than wc 
find it, would alfo judge it to be 1000 times hS$ 
folid than we judge it to be* To conclude, as I 

neither the fenfes nor the imagination are to be 
heard upon this point, and as realbn does not Bjt 
any bounds for us> we may give to the texture of 
bodies all the rarcnefs, as well as to the celcftial 
macter all the fubtlencfs of which wc have need 1 
provided only that the fuppoficion which we Ihall 
make tor the cfleft that we would explain, is not; 
oppofcd by other eftcds- 

Here is another article, upon which wc cannot 
lild too much I which is referred to that of the 

figures 
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figures more or lefs embarrafllng j that tte parii^ 
ties of the celeftiiU matter have neither adetermi- 
natc figure nor bigncfs j each particle being abU 
to divide, and dividing infinitely, according as 
there is occafion, and with the utmoft facility* 
ihey accommodate themfelves without diffictilty 
to all forts of places i which diminifbes infinircly 
in the fluid its refiftance againft bciag difplacedj 

\€'.nd fo much weakens its ertbrt. 

To ail that we have faid upon the caufcs which 
may contribute to render the effort of the ccleftial 
itjatter infcnJlblej we may atld thofe experimeiTli 
of Sir /, Newtm^ which are in our favour* Hff 
made them to dettrmine whether tlie celeflial 
matter, which penetrates all bodies, and fills their 
pores, had any fhare in the refiftance, which ihek 
bodies fuffer when they are moved in aftuid*, 
and he has not found more refiftance on that fide. 
than if this matter did not exift, and the pore* 
^ere entirely void. We ftiall not take advantage 
however of his difcovery : what confequence could 
we draw from an infenfibJe refiftance in fuch weak 
motions as thofe of the experiments which we cai 
make? But it is a matter of great furprizc, 
lb able a man as Sir /* Newim fhould cone 

.the vacuum from it, or be near concluding it^ io- 
viting us a!fo to repeat the experiments, to coit- 
i?ince ourfelves more and more of the pretended 
folidity of this conclufion. 

If after all theconfidcranoos that havejuft betfi 
made, we Ihoutd be ft ruck as with an abfurdity, 
with this prodigious' rapidity, which we afcribe 
fo the Geleftial matter neaf the earth, tho* it dos 
not make itfclf felt there, diere leems to be no otljcf 
way to take, than to digeft this abfurdity, u we 
are obliged to digeft: fo many others in moft pjiy- 
licai tubjedts, and generally* in molt ofthcobjciti 

of 



our knawkdge : for, in ihorr> this ablurdiryi 
ticthec iarctendcd qr true> to whkh the opiDioni 
ibac I defend, kads, h found tp be a neceHary 
pnfcqueace of ihe moll certain obfeivadons of 
aftroQOTOcrs, as I am going tp demooftrare. 
The planets, which turn about the fun at diffe^ 
Tcitt diflances, gD fome of them fafter than the 
others : rbe ftmous Kepler was tht: firll^ who ob* 
ierved, that their velocities keep an inverted raii$ 
of the iquare root? of their diltances, Suppofe 
f^ acample> that the diftanccrof f^enus from the 
fijn is to ihu of Merany^ as 9 to 4 ; I take thefe 
Durnbers, becaufe they are convenient, and not 
very different from the exaft proportion thattlieic 
two diilatices have between ihein i the Iquare root 
^£ 9 is 3« that of 4 is 2 : the fquare root of die 
^P^Qce of Venus being therefore to the fquare 
root of the diftance of Meratry^ as g to 2, we 
-filidt according to Kepkrh rule, that in an in* 
verged mtio^ the velocity of Vmus is to that of 
Mercury J as 2 to 3. 

AU the obfer?ations confirm this rule *, it is not 

only folJowed by the principal planets^ which 

mm about th(^ :fun i but alfo eicaftly by the little 

^^nets, which make their revolutions about a 

^Kncipal one •, this M. C^ffini has fully verified 

^fche fatellites of Jupiter^ and given us a theory 

^rtbem, and by his learned and uleful difcoveries 

has a very great fhare in tlie glory of the pro- 

grefsj which aftronomy has made in our days> 

^nd a great one in the glory even of that which it 

ibaM make after. It is the fame with the 5 fa- 

4i:LIij:es of Saiurna as with, the 4 of Jupiter . It 

'm diercfore a Jaw inviolably obferved by the ce- 

leftial bodieSi 10 the fmall parciciilar vartkeSy £i$ 

w^ll as in the greM one : and as the moft reafon- 

^bl^ hypQtbi/^ of the motion of the planets, qp 

^K rather 
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rather the only rrafonable one is, chat they Follow 
the courfe of the cefcftial mattCTi which carries 
Ihem along, it is to the different velocities of the 
celeftial matter taken at diffeient diftanccs from 
the centre of the voriex^ that Kepler^^ rule muft 
be appliecl. 

To come now to the demonllration, which I 
have promifed ; if by this rule we find the velo- 
city, which agrees with the celeftial matter near 
the earthy we Siall find that it muft be to that erf 
the earth almoft as 17 to i^ fuch exaftly as wc 
have already ftcn that the degree of gravity of 
the terreftrial bodies required : the calculation of 
it is neither long nor difficult. 

The moon being diftanc from us, or from the 
centre of our particular v&riex about 6a lemj*dla* 
meters of the earth, the circle, which it runs tHrtf 
about this centre, is 60 times as great as that de- 
fcribed by a point of the furface of the earth under 
the equator ; and conieqoently it has 60 rimes 
more way to go to finifh its rc^'olution, than thw 
point Has. Thus, if the moon Qiould finifh its 
revolution only in 60 days, it would go as feft 
as the earth which turns in a day : if the rtvoUi^ 
lion of the moon was finifhed in 30 days^ its ve- 
locity would be double that of the earth under ftc 
equator: the moon employing but a little more 
than 27 days and half in its courfe, it follows that 
m velocity is a little more than double that of the 
earth. This being fuppofed, the diftancc of the 
celeftial matter, which circulates here below, and 
isdiftant from the centre of the v&rtex only one 
fcmidiameterof the earth, and the diftance of the 
moon, which we have made 60 of thefe femi- 
dia meters, are to dch other, as t to 60, and 
their fquarc roots nearly as ito 8, or as 2 to 16, 
©r as a little more than 2 to 1 7 1 tjiereforc in aa 

in- 
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Vverted raiio^ conformably to Kepkr^s rule, the 
Velocity of the celeftial matter near us is to the v^e* 
iocity of that, which carries on the moon, as 17 
to a Utile more than 2 \ but we have found that 
the velocity of the moon, or of the celeftial mat- 
lcr» of which it follows the coarfe, was realiy to 
die velocity of the earth, as a little more than 2 to 
I I therefore the velocity of the celeftial matter 
here beIow> is to the velocity of the earth nearly, 

^■Such is the perfect agreement, between what 
velocity the ph^£nommon of gravity requires in the 
Celeftial matter, and what we find elfewhere, that 
it muft have in virtue of a law eftabiilhed by the 
obfervations^ aud demonftrated as the fundamen- 
tal law of the whole fyftem of the univerfe, by 
the ingenious author of ^he New ExpIarMion &f 
ibe M&twn ef the Planets. If fo wonderful an 
Agreement does not entirely deliver the mind from 
die trouble, which this rapid motion of the ce- 
leftial matter near the earth gives it, of which 
however we do not perceive any fenfible c0e<ft % 
it muft at leaft difpofe it to receive more favour- 
ably the confKJerations, which we have propofcd 
to refolve^ or weaken the obje*ftion of M, Huy- 
gms. 

It is true, that a great many dijSiculties prefent 
themfelvcs % and I Ihall not diflcmblc,that this very 
law, which the velociticii of the planets follow* 
when confidered in the ctleftial matter, is fur- 
rounded with difficulties j there are feveral which 
a little attention ditfi pates 1 it would be tedious 
and ufelefs to dwell upon them : there are others 
more confiderable, and among thefe two principal 
ones, which I thall touch upon in a few words. 

The firft offers itfelf immediately, and it is 
impofTiblc noj to be ft ruck with it* According 
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to Kefkrh role added to the hyfothefis of our wr* 
tices^ the celeftial matter makes 17 revolutions 
about the earth in a day* wbcncc comes it, that 
the earth makes but one i Why docs not it fol^ 
low the rule ? This difficulty is common to the 
other vorikes y JufiUr and Saturn turn eadi 
about his own centre i and both of them infinitely 
Jefs quick than they ought to do according tq the 
fule* The fiin^ which occupies ttie centre pf the 
great T^i?r/fX, turns in like manner about his own 
sxis^ and takes about 27 days and half in turning', 
whereas, according to the rule, it ought to en>* 
ploy but a little more than 3 hours. I confefs I 
am not fatisfied with the lights that I have into 
this difficulty, and that I have not any mora folid 
anfwer to give, than that which may be fccn in 
the new explanation of the motion of the planets, 
a work which it would be more eafy to criticize^ 
fhan to make a better. 

The other difficulty is Sir Ifaac NewSm\ In 
I the midft of an uniform fluid, and at reft, that isg 
which has no other motion than the mere agtti- 
[ lion of its parts every way, which renders it flirid» 
phe conceives a folid fphere, which turns about ao 
£xis^ almoft like the earth. This fpbere, as il 
turns, makes a continual impreffion on a firll fur- 
face of the fluid, and this upon another^ and thii 
laft upon another, and fo on. On this arbitrary 
fuppofitron, he inquires geometrically in what 
proportion the motion is communicated from each 
furface to the nexr, or what Ihould be the propor- 
tion of the velocities at different diftanccs from 
the common centre i and his ^ir^j/'^j giving him a 
ditJlrcnt proportion from that wJiich h obferved 
in the planets, he concludes that they are not car- 
ried along by the fluid, and that the Carieftan 

VQf* 
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^'^Srtkes are incompatible with the law eftabliflied 
\yf Kepkr. 

I pafs over a great number of refledions that ^ 

might be made on Sir Ifaac Newf&n*s demon - 
llration : I am willing to admit it, but when I^ 
do admit it^ I rejefl however the conclufion tba£^ 
he draws from it againft our vortkes. It has no . 
force but in virtue of the fuppofition, which Sir • 
/, Ncwi&n takes for granted^ of a fluid pcrfedtly^ 
uniform, and every where of equal fluidity, ancJ^ 
of a refiftance on the fide of the furfaces, in the 
rMw of the velocity. But if we fuppofe the flyidicy^] 
to augment in proportion as it recedes from the. 
centre^ or a refiftance greater than in the ratio ol 
the velocity^ we fliall find wkhout difficulty th< 
lame proportion that is given by the rule. 

What we fay here has not clcaped Sir IJ^^cA 
Niwtmh cxaftneft y he h:is expredy obferved it 
but he cpncents himfelf with faying thefc fuppo-j 
firions would not be reafonable , and tho' the laf 
kinconteftable^ he choofes rather to confider gra^J 
vity as a quality inherent in bodies, and to renew 
the exploded nocions of occult qualities and at- 
tra£tion. We mull not flatter ourfelves, that In 
al! our phyfical inquiries, we can ever furmount 
al! difficulties : but however let us always philo- 
fophize upon cleart mechanical principles j if we 
quit them, all the light that we can have is ex- 
tinguiflicd, and we are plunged anew into the old 
darknefs of penpatcticifm, from which heaven 
fcrvc us. 
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VIIL Obfervations of the weight §f the at- 
mo/phire^ made at the cafik oj Meudon, 
with M' HuygenV dmAIe baromtter^ by 
M* de la Hire * j trmjlatei By M-. 

Chambers, 

ThtAbhi deLouvcis having a curiofity to fee the 
praftice of levelling, and how the weight of the 
atmofphere is found by obfervations of the baro- 
meter, I made the following ones in his prelence, 

with all the accuracy poffible,- We had die 

life of a very good telefcope level> and one of M. 
Huygmsh double barometers, which we found in 
the caftle. 

One morning at the bottom of the caftle^ the I^ 
, quor in the tube of the barometer ftood at 33 divi- 
ftons f i upon which defcending by the iron grare 
in the great road leading toVerfaiiks^'we found the 
liquor in the tube fallen to 28 divifions !> the fpace 
defcended being 159 feet, 3 inches, and the fall 
of the liquor 5 divifions from the firft ftation. 

Continuing then to defcend in the great ro^d 
leading to Paris^ as far as the opening of a little 
path, which goes to the riv^r, we found the Vi- 
quor in thembeat 24 divifions }, where the fpacc 
we had defcended was 106 feet, 3 inches, accfthc 
fall of the liquor from the former ftation was 4 
divifions. 

From this ftation to the river near the mills, we 
defcended 134 feet, 3 inches^ when the liquor 
was found in the tube at 21 divifions, and cm\ 
fequently had fallen 3 divifions |, '^ 

After noon the barometer was carried to the 
\ wall of the mill-ppnd, at the top of the part, 

where 
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re the liquor in the tube Hood at 38 dtvifior 
f, and by the leveling it appeared, that we - 
afcended* above the level of the caCUe 1 1 2 feec^j 
4 inches* 

But returning in the evening to the caftic, 
found the liquor in the tube at 36 divifions, and 
confequently for thefe 112 feet, 4 inches, 
liquor had altered 2 divifions | ; but having found 
it in' the morning at 33 divifions |, we learned^ 
tliat between morning and evening a change of z 
divifions ^ had happened in the weight of the^ 

^fenofphere. 

^^Tiie whole height from the river to the miH-' 
pond was exaftly level at feveral ftations, and 

Kund agreeably to the preceding obfervations^ 

^iz feet, 1 inch, or 85 fathoms, 2 feet, 1 inch, 

being th^ greateft elevation about Paris. j 

Towards the evening I found the difference be*. 

(seen the furfaceofthe mercury in the twocifterns 
f the barotncter at the bottom of the caftle was 
ip6Hy 29 inches^ and the liquor in the tube was 
% inches | above the mercury in the lower cif- 
tern. The divifions of the tube for meafuring the 
Bright of the liquor^ were equal to 4 lines and J>, 
Bihich I take for 4 lines [, ^^ account of the fmalU 
tieft of the difference^ and for the eafe of calcula- 
tion. 

Now to deduce the exaft weight of the atmo^ 
fohcre frorn thefe obfervations, they muft be re- 
duced according to the ftruftare of this barometer^ 
as already explained in our memoir of bat'ome- 
ters* But firft> in order to compare the heights 
of the liquor between the fide of the river, and 
the top of the mill-pond, the obJervations mufl 
be reduced to the fame hour, 'by reafon of the 
change which happened in the weight of the at* 
moiphere between morning and evening \ iind as 

the 
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the obfervation at the ritrcr-fide was macfc abooT 
noon, I Ihal! reduce it to that made at the mill* 
pond in the evening, when the liquor was at 38 
diviBons I, on a luppofition that the dinninudon 
of the atmofphere proceeded uniformly from 
morning to evening. Hence inftead of 2 r df- 

I vifions obfcrved by the riverside, I take 2t I 
by adding | the difference between morning and 
evening, and fubcrafting chefe 22 divifions^ from 
38 I, the remainder 16 di virions ^ gives the al- 
teration of the height of the liquor in an afccnt of 
5 1 2 feet under a conftitution of air, fuch as that 
in the evening of the fame day. 

The reduftion of the divifions of the tube s> 
the real height of mercury, correfponding to the 
weight of the atmofphere^ will be eafily made 
by the rules I have already given, and ite obfer* 
vationi made in the evening of 29 inches diffe- 
rence between the heights of mercury in the cif- 
tern, when the liquor was 12 inches { above the 
mercury in the lower ; for fuppofing what I have 
aftually found, that the weight of mercury is td 
the weight of the liquor in the tube, as 12 to t^ 
dividing 150 lines (to 12 inches |) by 12, we 

,fliall have 12 lines | for the height of mercary, 
equivalent to 1 50 lines of liquor. We muft fub- 
ftrafl: therefore 12 lines \ from the 29 inches dif- 
ference between the heights of mercury in the 
eiftcrns, and the remaining 27 inches, 1 1 lines f 
will be the height of mercury, which weighs as 
much as the atmofphere on the day of obfervatioti 
towards the evening at the height of the plain of 
the caftle at Meudm^ which is 66 fathoms, 4 feet 

► above the river Sanc\ againft the mills in thtf 
month of Sepiemkr^ when it is ufualfy very 

Mow, 

It 
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I Ii remains CO find the value of di€ divifions of 

tube, wich regard to the heights of mercury, 

which reprefeat the weight of correfpondent divi- 

fions of the atmofphere. Inthefe baromeccrs, which 

are formed according to the proportions giv^n by 

M- fii^yg^^h where the, diameter of the cifterns is 

^^ljne3, and that of the tube i Unc, we (hall have 

H;, by a ruk found in my former memoir, a$ 1 2 

times the fqi^are of the diameters of the cifterns to 

^j^ fquare of the Cimc diameter 4- 23 times 

^ps fquare of the tube % fo are the dtvifions of the 

mbe, or the heights of the liquor to the heights of 

ja^cury reprefented by them, which is here ai 

^^5^ to2ig i wherefore the 16 divifions^, fogncj 

between the higheft and loweft, whicK anfwer 

nearly to 73 lines, has about 6 lines \ for the 

uv^ height of mercury, correfponding to the 

change of weight of the atmofphere, between the 

river- fide and the wall of the mill-pond ia the 

p^k ; fa that dividing 512 feet^ which is that 

height by 6 ^^ we ihall have 75 and ff or 12 

fathoms and nearly 4 feet lie,ight of atmofphere 

for a line of mercury, at a time when the weight 

of the whole atmofpbere was 27 inches, ii Hnes 

I, at the furface of the ground in the caftle of 

Meudon V and above the river, when it is low 

again ft the mills, at the foot of the mountain, 

66 fithoms» 4, feet* ^ ^ — ^ We here make n9 

account of the different weights of the atmofpheret 
in the different parts of this height, nor of the dif- 

tnt afcepts of the liquor, which might have 
fe from, the difte tent heat at different times of 
day, which dilates all liquors more or Icfs, 
even mercury itfclf; for that the heat was 
much the lame at the beginning and ending 
the oblervations. 
[But as in the making thefe barometers they 
J mighc 
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might have dev^iaced a little from ihe proportion 
ibove^ mentioned^ between the diameters of the 
cifterns and ihe tube, J have made a cahnlm of 
what would en foe upon other proportions, and 
find that the difference would be very inconfide' 
rable» tho* the diameters of the cifterns were i Of 
2 lines either bigger or Icfs. 

Tho'it cannot be doubted, that to find the 
weight of the atmofphere, it is much ftircr rogD 
upon great heights than upon final] ones, pfO* 
vided ftich heights be cxaftly known by reafonrf 
the difficulty of making an exaft cftimate of the 
heights of the mercury in the tube, yet I ht7C 
not thought it amifs to make obfcrvations of kllef 
heights in order to find how they would agree 
wilS thofe of Meudan, 

Accordingly I have feveral times obfervcd the 
height of the mercury in different feafons, and 
different years, at the top of the terrafs of the ob* 
fervatory^ and the bottom of the vaults andceK 
Jars thereof, in the fingic barometer ; and taking 
a medium between all thefe heights which agreed 
with an obfervation I had made in SepL i yogt 
the time when the air is nearly of the fame heat 
in the vauhst as at the top of the mercury of the 
barometer then ftanding at 28 inches in the large 
hall I and confcqucntly the atmofphere being 
Very heavy, as it was when the obfervarii 
Were made at Mm ion % and the feafbn bei _ 
Jikewife the fame» I found a cliange of 2 lines \ 
m the heighth of rlie mercury, for 28 fathoms of 
J 68 feet height of the atmofphere; and confe* 
quently for 1 line of mercury we Imve 74 feet f , 
or J 2 fluhom a feet f \ and by the obiervations 
made at Meuion I found, for the fame line of 
mercury ja fathoms 4 feet, the difference between 
which, viz. 1 foot 7 ia very inconfiderable 10 



ifuch obfervations. 
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"Another obfervation which I made at ^oukn 
in 1 68 2 J upon the mountain Claret^ which is 

t7 dehorns aboTc the furface of the fca, gave 
\ m that lealbn, and under thofe circumftances 
of air^ fuppoftng the air equally denfe in thii 
whok height, i2 fathoms for i line of mcr* 
cury. 

But it being certain that heat and cold may oc* 
cmlkin fome alterations in barometers whereiii the 
weight of the atmofphere has no concern, as I 
have ftiewo in the memoir already cited i by rea- 
fon fome part of the air neict the earth being 
heated more or lefs than the reft, will make a 
cliange in the bulk both of the mercury and the 
liquor i befides, that a moift air when heated^ di- 
lates more forcibly than a drier, and confequently 
will fuftain the mercury to a height beyond what 
it would have from the bare weight of the atmo^ 
fphere, i^c. I have therefore made fevcral ob- 
fervations and experiments to bring all thefe 
efiFeflrs to fome further rules. 

Placing a fingle barometer alide of one of M. 
Muygemh double ones, and of M. Anuntons ther- 
mometers by them, I obferved their fcveral 
heights every day for 3 years together, without 
ovejr- looking the lead circtimftance that might 
have any concern therein, but there having hap- 
pened no confiderable cold in all that time, but 
only violent heats in the fummer, I oompi^red the 
ftatc ot thcfe bammecers in the great heat, with 
that they were in at the mean heat of the air, as 
it is found in the vaults of the obfervatory, or at 
moft when it begins to freeze ; and I found that 
the mercury in tic fingle barometer does not un- 
dergo any fenfibJe change of height, whether it 
be expofed to the open fun in the heat of fummer, 
pr be in the fliadc in a place moderately cold. 
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In the following obfcrvaiions I expreflid tlie 
height of the mercury in the fingle baromerer^ by 
inches^ lifies* and points, which afc 6th part* m 
lines^ the heights of the liquor in the double bar 
romecer being expreffed by the dtvifions on that 
barometer which arc each equi^atatt to 4 liffei^ 
but are reduced afterwards into lines* 

1, The fmgle barometer ftand-l ^ 
ijigat P7 ^ ^ 

The double barometer in the great 1 j- • 
heats flood at I +5 ^iv, , 

And in a moderate degree of heat at 41 i 



The di^rence is 4 | 
Or 16 f 

IL The fingle barometer ftand- ) « 
iftgat ^ h7 8 

The double barometer in the great 1 ,. 
beats ftood at {42 di^- 

And in a moderate degree of heat at 37 J 



The difference is 4 f 
Or 15 



III, The fingli terometer ftaisd^- 1 
ingac ' 1^7 

The douWe barometer in the great 
hears ftood at ^ 

And in a moderate degree of heat at 28 



II 



|33div. 



The difiereDce is 4 

Or 19 



VI 
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HV, The fingls barometer {land- 

The double barometer in the great 
hc^ts ftood at ^,,^ 



ififh* 



Aiad in a moderate degree of heat at 34 



Pv. The 
ing at 



The difference is 
Or 

fiflgle barometer ftand- 



iS 



27 10 



The double barometer at a mode- 1 j^ 

rAte degree of heat ftood at - — | ^3 ^ 

And the barometer being removed y 
to the open air when it began tojgo f 
firecze ftood at -r — ^-- J 

^^_, The difference k z fj 

■Pf Or iQ t 

^Berng dtfirous likewife to find what would be-- 
B the double barometer, when expofed to thQ 
Bp about noon^ in the greateft heats of July^ ii^ 
Ik year 1708, and the better to difcover the ef- 
fefls thereof, I placed M. ^*?T£?jfii?^/s little fpirit ftf 
wine thermometer afide of it. . 

I obfaved the liquor in the barometer at firft 
rife very flowly in comparifon of the fpirit cuf 
wine in the barometert but after they had ftoo4 
upwards of an hour in the fun, carrying them back 
to their former place, which is in the Ihade, I ob- 
ferved the liquor in the barometer ftill continued 
rifmg^ while the fpirit of wine, on the contrary, 
kept defcending apace^ to recover its former 
ftate. Now tho' fpiric of wine be very fcnfible 
of heat,and water very liccle in comparifun there- 

trould expert the feme dung to be- 
B b 2 fal 
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fjl the water in the barometer, and the fpirit in 
the thermometer, and that the caufc ceafiDg, ihc 
cffcft muft ceafe likewifc* We find, howorcr, 
that the mercury having received a much greater 
degree of heat than the liquor, and prefervingit 
longer withal, by reafon of its greater denfiiy, 
continues ft ill to beat the liquor, ev^en when re- 
moved from the fun, and thus raifcs it confide- 
rably higher, than it was therein ; and the rather, 
as the bulk of the mercury undergoes no fenfibb 
change by heat and cold, as I found by expolbig 
l)ie fingle barometer to a hot fun, 

As to the fpirit in the thermometer, the cafe is 
very different i for being a fluid very ealy to be 
dilated by the fmalleft heat, it condenfes again 
with equal eafe upon the fmalleft cold, 

*Tis beyond doabt, that the different heighs 
above-mentioned, between the liquor in the dou- 
ble barometer, while the fingle barometer re* 
mained at the fame height, and confequently the 
atmofphcre was equally heavy, arife chiefly from 
the dilatation of the liquor i whereof there is faf- 
ficient quantity in the phial* at the bottom of the 
barometer, and its tube flender : for upon the 
fmalleft fwelling of this liquor, by the heat, a 
very feofible proof of it mull appear in the litdc 
tube, which however does not obtain fo much ia 
my barometer i where, the liquor being but lit- 
tle, the elevation, occafioned by the heat, is in- 
tonfiderable. I have fhewn however how it may 
be applied, without falling into any error, by 
confounding the effeft of the barometer with that 
of the thermometer, which, in the double baro^ 
xn<:tCTy occafions great irreguliirities. 
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IX. A comparifon of the barometrical obfer-^ 
nyations, made in different places ; by M^ 
Maraldi*. 

To arrive at the knowledge of the caafe of the 
fbanomenay obferved by the means of the baro* 
meter, it is not fufiicient to have obferyations 
made only in one place, it is neceffary to make 
them alfo in different countries, to compare thefc 
obfervations together, to obfcrve the -conformity 
between them, and their differences. 

Without a great number of thefe obfervations, 
we are liable to miftakes in explaining by caufes, 
which would fuit only a particular country, fhig^ 
nomena which may have more general caufes ; 
and we might confi'der, as a property of the whole 
mafs of air, what agrees with it only in fome 
circumftances, or in a certain extent of country. 

Several learned men, who have perceived the 
phyfical ufes. that may be drawn from barometri- 
ci\ obfervations, have applied themfclves for fome 
time to make them in different countries. The 
marqiiii Salvago having communicated to me 
thofe which he had made at Genoa 3 years ago, 
t have compared them with our own, which Were 
fnadci at the fame t/me at the obfervatory. In 
comparing thefe obfervations, we have found 
Ibme, which had particulars in them, which I 
have thought worthy of being remarked. I fhall 
afterwards relate fome experiments on the dilata* 
tion of the air, made near the equinoftial, which 
I have had occafion to examine. 

The marquis Salvago^ in his obfervations made 
at Genoa^ ufed a fimple barometer, divided into 

* July 2p, 1709* 

inches 
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inches and lines of the Peris foot. This baro- 
CKter ii fituated in an aparrment, where Uie 
quickftlirer remains a Hne lower than at the fca 
fliore, as has been found by obfervation ; fo that 
ifwe would reduce the obfer nations of Gema to 
the level of the fea, we muft add a line to each 
height of quickfilver, which I fhall hereafter men- 
(ion. 

In the relation of thefe obfcrvations, we ihall 
not follow the order of time in which they were 
made i but I Hull begin with the mod remark* 
able. 

In 1707, at Paris^ from Nov, 15 to 18, the 
baromecer continued for 4 days at the height of 
a8 inches within about |^ a line; the next day, 
N^v, 19, it fell to 27 inches 4 lines, haring 
fallen 8 linci in 24 hours ; the next day, it rote 
again 10 lines, being on Novembir 20, at 28 in- 
ches, 2 lines V during this variation the conftimtion 
of the air did not change die sky having been very 
calm and ferene. 

The fame year, at Gima^ from N^v. 15 It* 
\Zy the quickfilver continued at the height of a 
little more than 2^ inches^ as it had been the 
fame days at Paris, The next day, Nov, 1 9, tl 
Gmm^ the wind being S, the barometer fell to 
27 inches, 5 lines, having fallen in one day 7 
lines at Genoa^ almoU as it did the fame da^ at 
Paris. It remained only that day in die lacnc 
fuuation j but it rofe agaiD the next day to 28 
inches i and the 21 ft, to 28 inches, 2 lines, as 
it happened at Paris^ the wind was turned to the 
N. 

The fame year, from Nov, 20 to 28, the ba* 

rameter remained at Grma and at Paris generally 

at 28 inches, i line. During thefe 8 days at 

PariSy the wind was fometinies at W. and fome* 

:! dmcs 
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&atM at N. Wi. ar ^hmi, die wind was always 

;A^ SO9 ttp4tris9 the barcnpecer fell to 27 
wl±k^^ o lines, the wind being Ni. W. D^r. i> 
JK tok, .^gatn C6. 27 inches, 10 imes^ the wind 
being W, and the weather fair ; the next day, it 
Kik 1 IfeeB fliorfct having been at 28 inches; fo 
4SMt ^t Paris J frbni Nov. 28 to 30, it fell above 
tn HKlxb twp days ; and from iV(?v. 30 to Dec i, 
it rofe 10 lines in 24 hours. . 

The fame variations almoft happened alfo at Ge- 
noa on the fan>e days. By the obfervations of the 
m2iX^m.Salvago^ from.^?^. 28.5 when the baro- 
meter was art 28 inches, 1 line^ it fell the 30th to 
27 indiCs, 4 lines, hayimg fallen 59 lines in two 
days, die wind being N. E. the next day, it rofe 
^'or 6 line^, a liet^k lels than it had the fame day 
it Paris. 

It appears from thefe obfervations, that great 
yariatiocis happen in alittle^inne mthebt%htof 
the barometer, both at Paris and Genoa ; and that 
there is a great conformity in tbefe variations, 
Whkh happened at the fame time in fuch diftant 
coon tries. It appears alfo, that they have no great 
ijE^ation to the changes of the winds ; for the varia- 
tiona'Gf the baromet^^ which happened from iVw. 
19 to ^o, happened at Paris wiifhoutany remark- 
able alteration. of wind'; and if ontha^day the ba- 
FbQfieter fell at Genoa with a S. £. wind, and rofe 
Hith.a N. wind ; in the variation which ba^^ened 
lbs 28iii, the auickfilver fell with a N;£. wind 
which oomsionly makes it rife* So at Paris, the 
barometer fell with a N. W. wind, and rofe with 
a W. with which it ufed to fall. But what rapi- 
dity muft we afcribe to the winds, to caufe fudi 
quick alterations in cities fo diftant ? 

- It 
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It is not only in thefe fudden variations, whicH 
happen very feldom » that we find this contbrmiiy \ 
there is the fame agreement alfo in the change 
of the barometer, which are made more flowly, 
and happen in thefe two cities during the whole 
year. 

As it would be tedious to relate all the obfer- 
Tations made for the three laft years, in which 
this agreement is founds I have made choice of 
the moft remarkable. 



At Paris. 

1706. Bar&m* Windt* 

Jm. 1. 27 O S. 



: 



At Gema, 

S^F&m, Wimds. 

27 3 
7. 28 o calm. a8 of N. 

From Jan. i to 7, in the fpace of 6 days, tfe 
quickGlver role 12 lines at Paris^ and 9 | ai 
Cema, 

Feki^. 27 3 S. 27 5 S.E, 

19* 28 I calm 27 iif N, 

From Fel^. 13 to 19, in 6 days, the banometcT 
rofe 10 lines at Paris^ and 6 at Genoa, 

05I, 3K 28 o calm 28 o calm. 

Nov. 4. 26 9 S.E, rain 27 1 S.W, 

20, 27 II a 28 I N. j^ 

By the obfervations of Oi?. 31* and N$v. 4/W 
4 days, che barometer fell at Paris 13 lines 1 it 
fell at the fame time at Genoa 1 1 lines, tho* the 
winds were different, fiov. 20, the barometer 
rofc to a great height, being the fame withia 
about 2 lines in both thefe cities, tho' the wind 
was S/at Paris^ and N* BtGema, 

J}e€, 10 28 I calm 28 4 N, 



27 



W. 



27 5 S.E 



By 



By thefe obfcrvations the barometer fell, in 5 
dsTSy about i inch at Parh and sit Gf^^j. 



' 


At Paris. 


AxGenoih 


t7^' 


Barem. Winds. 


Bar§m. Wmdi. 


Mar. J 3. 


27 II W. 


a8 N. 


'» 17. 


27 5 N. E. 


27 8 S. E. 



In 4 days, the barometer fell 6 lines at Fam^ 
and 4 at G^»tf/7, tho' the wind wa^ very diflferent, 

July 20. 27 II S. gentle 28 N, gentle 
24. 27 4I N. W. 27 6 &E. 

Juh yo, the winds being oppofitcat Paris and 
Genoa J the barometer rofe pretty ecjuallyj it fell 
afterwards 6 lines in each place, in 4 day$, the 
Hjpids having changed, and being ftijl of^fitc^^ 
^t, is N. W. at Parisj and 3. E. at G^aa. 

Du. 22. 27 lo S.W. 28 Q S. E. 

27. 27 2 calm. 27 2 N. E* - 

In 5 days the barometer fell 8 lines at Paris^ 
sod 10 zi Genoa. 

1768. 

7iMr. ti* ^6 10 cal. and fair 2 7 3 S.W.clo. 

17. 27 8 S.W. 27 ii S.E.fair. 

The barometer rofe in 6 days at Paris 10 lines, 

1$, Genoa 8, the winds being very different in theie 

two cities. 

fih. 6. 27 2^W. 27 6t N. 

ID. 27 iQ calm 28 o N. 

B)r thefe obfervations the barometer rofe 6 
lines in thefe two cities, the wind having beeQ 
variab^ at Paris y at Genoa it was always N. 

Vos. in. K9. ^9^ 9<j ^r^k 
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. At Paris. At Genoa. 

1708. Barom, Winds. Barom, Wtndf. 

Jl4ar.20. 27' 8icalmandfair27* ' 7 calm 
22. 27 2 N. ' 27 ^t N. ' 

The barometer being at a mean height, funkjji 
2 days 6 lines at PariSj 4 at Genoa^ witha N. 
vind at both cities. 

May 8. 27 II 28 o N. • 

•' 17. 27 ^4 S.W 27 5i:.S.E.v 

Nov.ig. 28 2|carm 28 2 calm 

?^. 27 6 N.W. 24/i&.27 5 rain •• 

24. 27 ii^N.W.25/i&.27 10 N. 

The 19th, the barometer being at a great height 
fell till the 23d, arid from the 2'3d to the 24ih 
rofe 6 lines in a day. But at Genoa this variation 
was a day a(ter it happened at Paris. 

Dec. 10. 27 III calm 27 ^i N. 
15, 27 I rain 27 5 rain - 

By all thefe obfervations, and a great many 
others^ which I do not relate, it is manifeft, cb|t 
tjiere is a great agreerpent in the variations* wblcb 
happen' at tfie fame time at Paris ^nd zx, Gtnoi, 
whether thefe alterations were quick and fudcjtn, 
like thofe which were firft related, or more flo«^ 
like the laft. 

This correfpondence of the alterations of the 
barometer, feems to have no ^reat relation to thd 
conftitution 'of the air, or to the winds, whidi 
prevail at the fame time in different countries ;"fbr 
iihe quickOjver rifes at Genoa^ when it riles ^xParisl 
and falls in like manner, whether there is tbo 
fame conftitution of the air, or whether the fame 
^ind Iprevails in t^jh thefe ytics, wh^ch 1% vpj 

rare-, 



r*rc ; or whether both of them are diflferQnt. It 
Would be. a thing worth examining by obfery^- 
tions made in. very diftant places, to what dijT- 
t^tncc fuch a conformity in the variations of the . 
barometer is found. 

, This long feries of obfervations at Paris znd 
Genoa^ compared together, (hews, that to find 
die height of mountains, by barometrical experi- 
ments niade at the fame time in different places, 
after the manner propofed in the memoirs of the. 
academy, thofe muft be made ufe of, where the 
quickfilver keeps in the barometer at a niean. 
height, and prefer thefe before others, where the 
quickfilver is found near to greater and fmaller 
elevations, becaufe in the mean heights of the 
quickfilver the differences between different coun- 
tries are more uniform. 

; By the comparifon of the obfervations made 
with this choice, we find between Paris and Genoa 
a difference of 3 lines height of quickfilver, which 
it has at Genoa more than at Paris ; and as in 
the obfervations at Genoa^ the barometer is a line 
Ipwer than it fliould be at the fea-fide, there re- 
iiiks ^ difference of 4 lines of quickfilver between 
^o Paris obfervations, andi thofc which fhould 
be made a,t Genoa by the fea-fide. This difference 
between the level of the fea at Genoa and at Paris 
agrees wich what had been concluded by the ob- 
fervations of Paris and Coliourty related in the 
ftjcmoirsof 1703. 

It has been obfer ved in this memoir* that the 
differences which happen to x^t barometer in the 
fiimc place, between the grcatcfl: and fmallcft ele- 
vation, are greater in the northern than in the 
Southern countries, where thefe differences leflen y 
jR> that towards the equinoflial they are reduced 
itt a trifle, . .: . 

C c 2: Sievcral 
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Scwral bbfervatioBs received fince that rime 
from fcveral places, arc conformable to this ob- 
fcrvarion. At Ufmhtjer^ in England^ which is 
more N. than Paris^ the variations of the bare- 
loeterare 0o greater than at Paris ; chofe at Pa- 
ris are greater than at Genoa ; and the variatiom 
obferved at Gmoa^ are alib greater than thofe 
whicfc refuk from the obfervations of F, Lavd 
made laft year at Mar fei lies ^ which is more 
tbuthern then Genoa, 

This remark, which is confirmed by a great 
I number of obfervations made at the fame time 
[in different places, docs not agree with the obfer- 
IVaiions made by M, Scheucbzer at Zicrick thefe | 
Haft years ; for tho' Zurick is much more to tiie 
K. than Gfuff^, the variations have been obferved 
to be fomething fmallcr at Zurkky far from bar- 
ing been greater than at Gema. In 1706, the 
difference betweai the greateft and leaft elevation 
of the barometer was ar Zurick 10 lines- At Gf- 
nsa^ the Umt year, this difference was 1 inch, 
1 line. In 1707, at ZurUk^ it amounts to 11 
lines i at Gema^ it was i inch. In 1708, by the 
obfervations made at Zurick with the upright ba- 
rometer, which I think preferable to the inclined 
one^ the variatioti was 10 lines ; at Gmm 1 inch # 
it Marfeilles 10 lines f , as at Zurick. 

It muft be obferved, that the places of the ob- 
fervations, where this rule is found, arc (ituated 
at fieights very little different from each other, and 
art but little elevated above the furface of the lea, 
as appears by the difference of the heights of the 
barometer, which is found between thefe obferva- 
tions, and with regard to thofe which have been 
made near the level of the fea. But it is not fo 
with regard to the obfervations of Zurkk^ which 
are oot conformable to this rule* For by the ob- 
fervations 
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fer^radons made during the whole year 1708 at 
G^ma and Zurich compared together, there 16 « 
difierence of i inch, 8 lines of quickfilver, found 
between the level of the fea jmd Zurich \ whick 
fliews that the place of the Z/inVit obferiraiti^ns n 
very much elevated above the places of the othef 
obienradons, und Itill more above the level of the 
fea. 

This variation of the barometer being left in ^ 
bigh places than in the low ones, is alfo confirmed 
bf the obfervarions fent iaft year by F. Laval to^ 
the academjjT t for having oimde barometrical ob* 
fervations for 10 days togcdier on the mountain 
of St. J^iknj ^which is mote northward by 2? of a 
degree ithsn MarfeilleSj and is elevated above the 
level of 'the Tea about 4S0 toifes^ having com- 
pared them with thofe which were made at th^ 
tame tinre at the obfervatdry at MarfeiUes^ fad 
found that at Marfeilles the barometer varied'i 
lines ^, when it varied but i line \ ztSt. PHon. 

F. Laval afcribes this difference partly to the 
heat, which is lefs iiy£levated than in low placed 
partly to the nature of the air, which being more 
rarefied in the elevated places, is4efs fubjed t6 
the alterations, which contribute either to ics 
heavineis or lightnefs. 

We might (uppofe, that it h fome hcteroge- 
oeoos matter difperfed in the air, which caufes 
aparcof tbefe variations, and has a greater e&<^ 
in ihe lower air than in the upper. 

Having compared together the barometric^ 
experiments, which have been hitherto made in 
different parts of the earth during the whole year, 
i have -found chat the variations of the barometet 
cbftnred at Zurich approach much nearer to this 
variations obfcrved near the equinodiali than the 
cchers madehitherto in Eur^u. 

.3 I 
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I have examined on this occafion various expe- 
rimems made near ihe equino<5tial on the dilata- 
tion of the air, to fee whedier the air of this cli- 
mate by dilating followed the reciprocal rafh of 
the weights from which it is relieved, according 
to M. Mariolle's rule, 

Thefe experiments were made at Malaca by 
F- de Beze, during a ftay of 7 months which he 
made at that place, which, tho' fitaated in 2 de- 
grees of north latitude, enjoys, according to the 
report of the f;ime father, a pretty temperate air 
for the climate, the heat being temperate^ and 
not very variable, 

Thefe experiments are related among the Oi- 
firvaihns Pbyfi^ues & MatbsmaHques^ primed 
in 1 69 2 J with F. GouH*s notes in the following 
terms, 

'' An able philofopher told tne before my.de- 
** parture from France^ that he had been affured 
'* that there was no fen fib le difference in the b.i* 
** romcter, found in all the places fituated be- 
** tween the tropicks, provided the obfervatiorf 
*' was made in a place on a level with the fea. 
*' I was willing to examine the truth of this when 
*' I arrived in the Indies \ and as I had no baro- 
*' meter mounted, I made ufe of a glafi tube 25 
*' inches Jong, fealed hermetically, and ^xiflly 
*' divided into inches and lines, widi whidi I 
" made the TorktlUan experiment in dificrcDt 
** places between the tropicks % but I have foufid 
<t every where a pretty fenfible difference in the 
** elevation of the qulckfilver, not only with 
** regard to the diflerent places where I ob- 
*' ferved, but often alfo in the fame place, whdt 
** the quick filver was more or Jcfs clevatt^d ac- 
** cording to the diflFerenc difpofitions of the air? 
•* dioV to fay the truth, this diSercnce does not 
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^^ cqiial that which is fijund out of die tropidd, 
f* fince, according to what I have fccenjibleta 
«* obfcrve, it does not citcced 5 or 6 lines. 

*' { have already fent to France the experiments 
f ' which I had nri^ide on this fubjeft at Siam and 
*< Pondichery. Thefe are what we made at Ma^ 
^. laca ^ndBatavia. 

." Having chofen at Malaca a day when the 
♦* air appeared very pure, and the heaven was 
^* not covered with any clouds, to make die ex- 
«* periijfient; we found, that the quickfilver in 
** ihe tid3e kept qp conftahtly to th^ height of 
f< 26 inches 6 lines above the furface of that 
*« which was in the bafon. 

*« The heat was at that time pretty great foe 
?f the climate, and the thermometer was at 69 deg« 

" As I have obferved by fevcral experiments^ 
?• that the quickfilver ufually kept up 10 a greater 
♦*- teight. when the heat was lefs, and that it fell 
f* when the heat increafcd, tho* the Iky was 
•f equally fercne and clear, I thought it would be 
*♦ proper to mark ihe degrees of the thermometei: 
*♦ at -the lame time, tho! there Is not an exafl: 
<♦ proportion between them. 

♦• Being afterwards willing to try the claftic 
^* Jonxc of the air, we left three inches of air at 
^ thQ top of a tube, and having reverfed it in 
** the quickfilver, where it immerged 7 lines, 
*> that of the lube remained at the height of 20 
^ inches 7 lines above the furface of the other 5 
*« ind the air dilated occupied 7 inches 10 lines.** 

Having afterwards left 7 inches, 6 lines of air, 
^'quicklilvcr remained at the height of i6 in- 
^esv'^ and the air dilated occupied 12 inch. 5 lin. 

In confidering thefe obfervations, it is eafy to 
fee that they do not follow M, Mario ttt^% rule ; 
for m- tijc firtt ^periment^ 7 inches lolinesof 



atr dilated after ihe reverfmgof the tube^ to 3 irr- 
ches of natumt air before the rcverfing, has floc 
the fame proportion as 26 inches 6 lines in vam&f 
to 5 inches 5 lines cxcefs of 26 inches S lines, to 
20 inches 7 lines, the height which the quick- 
filver had with the dilated air, as it ought to be 
according to the rule. It is the fame with the fe- 
cxffid experiment ^ hut in thefe 2 experiment^ 
the proportion of the dilated air to the natural air, 
IS leb than the atmofphere, to the difference be- 
tween the height of quickfilver in the vacuum^ and 
ihe height of the qLjickfilver with the dilated ain 

Having calculated thefe 2 experiments^ m 
know what the dilatation of th^ air fhoyld be by 
the common rule s in the firft where the nstaral 
aur was 3 inches, after the reverfing the dilated 
air otight to occupy according to the rule g in- 
ches 1 1 Jines ', but by the experiment it occupied 
no more than 7 inches 10 lines ^ the diScrence 
between the experiment and the rule is, 2 inches 
I line, by which the fpace occupied by the dikicd 
jiir> was klk 

In the fecond experiment, 7 inches 6 linesof 
natural air after the reverfing, ought according to 
the rule, to be dilated, and fill the fpace of 15 
inches i line; but by the obfervatlon it occupied 
no more than 12 inches 5 lines 1 the difieTCftce 
between the obfervation and the rule is, 2 inches 
8 linesj by which the obfervation is IcJs ; and con- 
fequently, according to thefe experiments^ the air 
o[ Malaca does not follow the rule, and is lefs di- 
lated than that of Europe. 

Befides thefe experiments made at a time wHcft 
the air was pure and ferene, K dt Beze made 
ochers aJfo, whilft the flcy was lefe clear, and very 
cloudy, and that the height of the quickJilvcr m 
the vacuum was greater than ia the prccodisg 
obfervations- They 
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They are related after the firft in the foUow- 
ing manner, 

** Ac the end of the moon, the fky heitig 

very cloudy, and the air lefs clear than ordi- 
** nary, I repeated thefe experiments in the lame 
** place, the ihcrrnometer was at 63 degrees. 

'* Having filled the tube with qaick-filver, 
*' and reveried it in that of the balbn, where it 
** im merged one inch ; it kept up at the height 

If of 26 inches to lines I above tiie furface of the 
^ quick filver. 
[ ** Having afterwards put fqme quickfilvcr in 
' the tube to the height of a 6 inches, that there 
** might remain 3 inches of air, and having 
plunged ii: in the quickfilvcr^ the air dilating it- 
felf, occupied 7 inches 5 lines 4, and the 
I ** quickfilver 20 inches 6 lines |, 
I ** Having left 6 inches of air, the quickfilver 
ij ** kept at the height of ly inches 2 Hries J, and 
( ** the dilated air filled the reft of the fpace 10 
« inches 9 lines ^, 

** Having left 9 inches of air^ the quickijlver 

** occupied but I4inchcs6 lines, and the dilated 

** air 13 inches 6 lines* Thefe experiments 

'^ were made in a place raifed 45 or 20 feet pvr- 

1, ^^ pendicular above the level of the fca," 

I^K By the comparifon which we have made of 

^Wefe obfervations whh the rule, we find the fame 

' ditfcrcncc between them as in the preceding ob- 

fcrvations i for the 3 inches of natural air after 

, the reverfmg, dihued in fuch a rnanner as to oc- 

' cupy only 7 inches 5 lines {^ whereas, by the 

rule, it ought to contain a fpace of 9 inches 6 

lines f . The difference between the obfcrvation 

and the rule is 2 inches 1 line |, within about | 

a lirie of what was found in the Brft of the pre- 

Vol. Ill N^; 30. Dd ceding 
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ceding experiments, which fliews the exaAnc 
of boLh of them* 

In the fecor.d experiment, 6 inches of natural 
air inclofed in the tube, after the reverfing fills 
the fpace of lo inches 9 lines ^1 this fpace, by 
the calculation founded upon the rule, fhould be 
13 inches 3 lines. The difi^erence is 2 inches 5 
' lin^s :*:, by which the dilatation is found lefs by 
the obfervation than by the rule* 

In the la ft experiment, 9 inches of natural air 
inclofed in the tube being dilated by the revcrling, 
occupied 13 inches 6 line.s and by tlie calcula- 
tion founded upon the rule. It ought to fill 16 
inches i line ^, The difference is 2 inches 7 lines 
J, by which the experiment gives lefs than tte 



by all the experiments 
dilatation of the air, 
much fmaller than 
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rule* 

It is therefore manifeft 
of F. de Beze^ that the 
which refults from them, 
that of our air, and that it does not iollow the 
proportion found by the experiments of Europe, 

Ic might be fuppofed that this pbmmmemn 
comes from the particular conftitution of the sir 
of Malacii^ which being very much rarified by 
(he heat of the climate, is afterwards lefs fufcep- 
lible pf lb great a dilatation as ours ; but (b tar 
as we may judge by experiments made in Etmpt^ 
this explanation alone is not fufficicnt to give tk 
reafbn of the great difference between rhe dilata* 
tion of our air, and that of Malaca^ even though 
we Jhould fuppofc the heat which caiifed this rart- 
fadion to be as great as that of bciling water* 
Thefe are the oblervations which we made, 

I took a tube 38 inches long, in which I put 
quickfilver to the height of 35 inches* forW 
there remained 3 inches of air j I immerged rhis 
whole tube in boiling water, ro rarefy the air 
conuined in it ^ I afterwards Hopped the aperture 

with 
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rith my finger, and having taken the tube out 

of the water, I reverfed ic in the qutckfilveri fo 

that above an inch was immerged. Immediately 

after the reverfing, the quickJilver kept within a 

^ew lines of where it keeps by the dilatation alone . 

^fcithout having rarefied iL But the quickfilver 

^Was fecn to rife in the tube, as faft as the air was 

condenfed in cooling ^ and when it was entirely 

^^booled, the quickfilver rofe an inch and 2 lines 

"more than it did immediately after the reverfing, 

and more than M, Mano£i?s rule required ; and 

KDnfequently the rarefied air was Jefs dilated than 
y the rule, by the fame quantity of t inch and 
lines* We have found by the experiments 
of Makes f that the 3 inches of air dilated 2 
^^ches I line lefs^ than by the rule ; the air of 
^^^alaca rhereforc dilates lefs than our air rarefied 
by the heat of boiling water, 

I made the fime experiment upon 6 inches, and 
r a fterwards upon 9 inches of air, and I always 
^■bund that our air rarefied by heat, dilated much 
^^e6 than the air of Malaca^ and that the diffe- 
rence found with regard to the rule is twice as 
reat in the air of Malam as in ours rarefied. 
Thence we may infer, that this left dilatation of 
le air of Malaca comes not only from the great 
beats of the climate, but from its own nature be- 
Rng left apt to dilate than ours, 

As the air dilates otherwife at Malaca than it 
does in France^ at an almoft equal height with 
^_the furfaceof the fea; and as in France the dila- 
^^lation is found ai grea: heights diFerent from 
^^that which happens to the lower air, as refults 
! from the obferva^ions made on the mountains of 
Auvergne and RoufiUon^ wc may infer, that the 
whole mafs of the air has not the property of di- 
lating itfeif according to the ratio of the weights* 
D d 2 We 




Wc m:iy alfo infer from theft difirrent dilataticms, 
that the air is heterogeneous in thefc differenc 
parts, and that wc fliould therefore be cauriofiK 
of founding a general fyftem upon particular 
experiments, let them be ever fo certain and nu- 
mtrous, 

it nnuft be obfervrd, that at Caymm^ the pa* 
rallel of which differs from that of Mdlaca but 
2 degrees f towards the N* the refraftions of the 
liars have been fbtind fmaller than in Europe. It 
would be a thing worth examining, whether any 
relation is found between the manner, in which 
the air is dilated under feveral climates, and the 
different refraftions of the ctleftial objefts obftrved 
at equal heights above the furfacc ot the fea. 

X, O^Jenations on craj-fijh^ fy M. Geof- 
froy^ Junior * y tranflated ^ Mr, Cbam- 
bers. 

Among the multitude of obfervations on the 
feveral parts of natural hiftory, there are feme 
ftitl obfcure, and as it were unknown, for want 
of being confirmetl by new experiments : and yet 
the making new difcoveries is not enough to make 
philofopliy flourifli, unlefs we prevent the old 
ones from being loft. Hence there is a ncccflity 
for handling, a-new fome fubjcfts which feem to 
have been ncgkfttd for a certain fpacc of time, 
and of which nothing is known, but upon the 
cr<=dit of lome writer, whom it may not always 
be Hife to truft. 

' In purfuing this method, one has the pleafurr 
cither of confirming the vulgar opinion, or of 
tcnfuting ir, or at Icaft of clearing and explaining 

jt; !or \^hcn only a few perfons have ircatcd a 

fubjrftj 
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jbjeft, it rarely proves ro be cxhaufted. This 

fwas whai induced me to make obfcrvations a-new 

on the cray-fifli, and particularly on the {tones 

found therein at the tims when they change their 

covers, and which, by reafon of their figure^ arc 

I called craks-eyes. 

^^ The common opinion touching thele ftoncs is» 
^■hat they are found in the brain of the animaU 
Hvhich is what Gefner, Agrkcla^ and Belknius af- 
■^firm J and yet lb fer are they from being in the 
^rain^ that they are rather found about its fto- 
lach. 
Van Helmmt feems to have been the firft who 
prehended this, but he having rendered him- 
feif fufpeftive on other oocaftons, his opinion could 
>t make its way ; but the vulgar one ft ill pre- 
iiled, except in a few pcrfons who could fee tliat 
tperience was for him* 

This author had obferved, that towards the 

nddle of June the cray- fifties begin to grow 

:k, as being the time when they arc to change 

:tr coats, or covers. For nine days> and up* 

jrards, they continue languiihing, and as it were 

' id % m which compafs of time, Helmoni af- 

irms, that a new membrane is formed, which 

Ikiclofes the ftomach, and that between this and 
■le former ftomach, a milky liquor is difcharged, 
which, falling on either fide, hardens into ftone. 
■ his new membrane, according to him, arifes 
pom the pellicle formed on the furface of the 
milky liquor, and growing into a new ftomach ; 
^the old one wkhtn it, and the remainder of the 
^■quor with the It ones themlelves, refolve by liulc 
^Hnd little, and ferve the animal for food during 
PBy days that thefe ftones laft j for the animal eats 
nothing all this while, nor is there any thing elfe 
found in its ftomach. 

3 ' I 
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I have not been able to tra^ aJl thefe mattei^* 
related by Fan Hehmnty but have made fome ob- 
fervniions which agree with his. 

I have found cray-fiflies very foft, andfo ready 
to quit their flicll^ that it was quite raifcd, fo as 
to let the new one appear under it, like a 
very thick membrane, which only wanted time 
to become as hard as that going off. 

This outer fhcll when it roie, I found very 
thin, and the inner membrane, which ufcs to line 
it, no longer adhering thereto, but forming a 
new flie!). And the like 1 have obferved id the 



tail, commonly called the neck of the cray-fift, 
where the ftiells readily arofe, and let the mem- 
brane that was to fucceed them appear. 

The fame I have found upon breaking the 
claws % fo that upon the whole we may fay, that 
while the craw-fifh is putting off its (helK the in- 
ncr membrane thereof feparates therefrom, and 
growing gradually thicker^ at length forms a 
new fhelL 

And I have fince obferved, that thofe which 
arc beginning to quit their ihells, and whole in- 
ner membrane is come to a competent thickiiefs» 
have Hones in them perfe<ft!y formed, rcfembJing 
in figure the heads of young mufii rooms. 

To afcend to the origin of thefe ftones, I hive 
opened cray-fiflies at other times of the year with- 
out finding anything in them: but in my i^ft 
obfervaiions made this month of Augttft^ opcniAg 
fome vigorous cray-fifties, which were only be- 
ginning to moult, in lieu of each ftone, I found i 
film or lamina^ fwimming in the middle of a 
flimy fubftance, and which was perfectly the ^^- 
kryo of the ftone. This ftone, with its {&0i 
were indofed in a little flender merabrinous 
bag. 
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I have found others, wh^rc the ftones were 
|uite fofmed, and the ftomach foJid and full of a 
jwnifh liquor, very mouldy and fetid. 
Under the bag where the ftones are inclored^ I 
ive found a flat membranous veficlc^ whofe ufe 
do not underftand, only it has been obftired, 
lat when the ftone dlfappears, this veficle be- 
jmes full of a fweet limpid water, and pofTcffcs 
le fame fpace as the ftone pofleffed* In others, 
have found large fair ftones, and a new delicate 
lembrane, indofing the ftones and the ftomach, 
fpon railing this membrane, there were 3 neur 
eth ^^i^lble thereon, fimilar in all refpecls to 
fiofe of the old ftomach i fo that no doubt can 
ly longer remain, whether this membrane be- 
>mei at length the real ftomach. 
In cray - fifties, which had caft thar coats:, 
have found the ftomach full of a brown liquor, 
he membrane of the ftomach being here very 
render, and no appearance of vifcid matter in it, 
nor any remains of the former ftomach. The 
ftones were much leflened, and appeared as if co- 
roded by feme difiblvent v they were covered 
ith a very fine membraoe» which, was the only 
that parted them from the cavity of tte 
ftomach. 

In other cray-fiflies, which had moulted a lon- 
ger time, I did not find the ftones in their ulual 
places^ but quite in the ftomach» where they were 
joined together by their concave parts. 

In others, where the new ftiell was almoft ar- 
ivcd at its full hardnels, I found nothing in the 
pUce where the ftones ufed to be lodged, but a 
white fpor, whif:h was no more than the two 
membranes of the veficle, that had contained the 
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fdod, wkhouc any remains of a ftone % and have 
fomedmes even found pieces of ihells^ and daws 
of other cray liflies half digefted therein, la 
thefe laft are likewife found the fpaoe formerly 
poffeffed by the ftones^ taken up by another ve- 

ficle, full of water, already nientioned. * All 

which obfervauons prove, 

ift. That the ftones taken from the heads of 
cray-fifties, are not lodged in their brain^ but 
doled in the ftomach, which is placed below. 

2dly, That they are not the feed or origin of 
the new Ihdl, as fome have imagined, fincc they 
fubfift after the Ihcll is formed. 

3dly, Thiu upon cafting their fheJls, they 
like wife change their ftomach, without any appa- 
rem renovation in the other parts, excepting the 
inteftiiie, which fcems to Ihare the fate of the 
ftomach. 

4thly, That the ftoncs are not found till their 
.fealbn ofmouicing, and that they are afterwanis 
lodged in the new ftomach, where they continue 
lelTening, and at length arc totally conftimed. 

5thly, That thele ftones, together with tk 
old ftomach, ferves the animal as food during its 
ficknefs, occalioned by the moulting. 

Some authors imagine, that the blue colour of 
Tome of thefs ftones arifes from a^pecuUar malady, 
incident to fame of thcin at the time of thcif 
-mouking. If this be not die real caufe, 'tis at 
leaft certain^ that the ftones of this colour aflunic 
a flefti colour by boiling j and I have even known 
them turn red by the mere heat of the fun. 

Hence it is, that among thofe ufed in the 

' Ihops, fome arc b!uc, and oth|;rs carnation 1 for 

[vl can fcarce conceive that the greateft part of the 

ftones^ commonly fold, are counterfeit, as fome 

have aflerted, on acoDuni that the great quantity 

tHercot 
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eoF in ufe, fince we find cray*fifhcs enough 

Infioft ev^ery where j bcfide, that thefc ftones 

cbnfift of layers, or firata^ like bczoar, which 

t would have much ado to imitate % not to 

ention that they turn black, exfoliate and 

yield a urinous fmell upon calcinacion \ a proof 

of their being really deriv^ed from the animal 

Ititigdom* To which may be added, that in the 

alyfts^ they yield an urinous fpirit, with a little 

'oJatile fait. ^ 1 Upon the whole^ 'tis more 

an probable^ that the crabs eyes ufed among 
are taken from the living animals *, and that 
le blue or ruddy ones, mixed among them, come 
om the fick and dead ones. 
The virtues of crabs eyes are commonly fap- 
fed to be no other thnn as meer abfor bents -, 
ut the following experiment will prove, that 
ley have other properties, which carry them in* 
to the very mofs of blood. 
^— A perlbn having taken a potion* wherein 
^nubs eyes were an ingredient for fome acrimo- 
^Kies which incommoded him, found himfelf 
P^eized all at once with an eryfipelas in the face» " 
which hereby became ftrangely bloated, attended 
ith violent prickings, the bloating reached his 
roat, and hindered his fwallowing. At firft, 
was feared, that fomething had been mixed 
ong the crabs eyes, or that they had been 
lunded in a brafs mortar, and had imbibed the 
rnicious quality thereof; upon which the fame 
tion was ordered with other crabs eycs^ which 
ill produced the fame effect, till at length the 
patient being informed that there were crabs eyes 
in the draught, cafed the phyfician of his per- 
pk^tity* by telling him, that fhe had found the 
like every time l}ie had taken crabs eyes ; upoa 
which, the crabs eyes being difcontinued, the 
Voi,, IIL N*^, 30, E e fymptom 
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fymptom ceafed* and it has been finoe obferved, 
that crab*s eyes had the fame effeft on her foa 1 
upon which it may not beannifs to obfcrve, bow 
much the effect of reoiedics may be difVurbed by 
conftitutions, Tho* wc only fpeak of the ftones 
found in cray-fiflies: yet there is a fpcctcsof lob* 
fters, cxWzil ajiacm marinus^ where they are like- 
wife found. This fpecies is perfectly like our 
cray-fifhes, feuing its bulk afide. 

To conclude \ if fome people have an averfion 
for cray-filhes, P'an Helmoni oblerves, that thole 
animals, id their turnj have fo great a one for ho^» 
that if any come near them, they prefcntly die* 
Hence, fays he, it is that in Brandenburg^ where 
ftorc of them arc caught, the waggoners^ who 
carry them, are obliged to keep watch all night* 
CO prevent any hogs from pafllng under their wag- 
goiis i for that if only one paffed, there would 
not be a cfay-filh alive next morning* 

XL Of the formation andgr&wth qfihejhelk 
of land and "water animals^ either of tk 
fea or of rivers^ by M. de Reaumur •f'j 
tran (luted by Mr^ Chambers, ' '' 

The wifdom of nature would not have done 
enough for the prefer vat ion of animals, if, coti' 
tenting hcrfelf to have framed their jntemaj pafti 
with wonderful art, fhe had not employed the 
lame addrefs to defend them againft other bodies 
around diem, the too rude touches of fuch bodies 
would have quickly deltroyed thoic fo flendcr 
canals, and thofc fibres fo very fubtle* whereon 
their whole mechanifm depends. Hence we fifid 
thofe delicatt parts invefted with diverfe coats, 0^ 
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n'ers-j not cafy to be altered by the bodies a- 

5und, being not only in an under skin, clofer and 

irmcr than the reft j but this ufualJy covered 

rith hairs, feathers, fcales^ or fhells. Under chcfe 

ttle ramparts, if I may ufe the term, the ani- 

lal machines are (heltered from all the attempts 

* bodies, which are continually rubbing and 

eating upon them i and the care of nature is 

?cn gone fo far, as to proportion a ftrcngch of 

fieft defences to the weaknefs of the parts within ; 

-mean, that thofe animals, which cither by their 

igure, or their foftnefs of their fubftance, laf 

"^cm moft open to the bodies around, have the 

krongeft coverings. Thus we find fiiells on thofc 

rhofc fubftance is very foft and moift, and figure 

llmoft fiat or fpiral, which would otherwife, by 

lis double di fad vantage, be liable to lacerations 

rom the ground, fand, or ftones they creep uport. 

^he number of different kinds of animals, both 

land and water, preferved by means of fuch 

lells is immenie i as is a]fo the art and ingenuity 

sy are framed withal. Nature feems to have 

iken pleafure in varying their ftrufture, colour, 

and (napci infomuch that the admirers of the 

beauties of the creation have moft of them made it 

their bufinefs to coUccl all they could meet withal, 

every new Ihell furnifhing fome new curiofity i 

Iteir cabinets, tbo' they only contain afm.UI part 

^ thofe which deck the univerfe, yet have enough 

to Mcite the admiration of all, who know how 

admire. Hitherto indeed they feem to hnvc 

>n fined themfelves to the bare conremplarion of 

lis beautiful piece of wokmanfhip, no body 

It I know of, having explained the manner 

inhere in it h produced i fo that Unding noching 

M be learned on thi's head among luthoi^, I con- 

luiccd nature hcrfclf by fever al experiments ^ and 

E e 2 'tis 
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'lis on tlic refult thereof the fallowing fyftem h 
formed. 

Tbo* a£ Brft fight, ic may appear moft naltiril 
to explain the formation of Ihdls before 
growth i yet I flxaJI here obferve a contrary 
der, and begin with explaining the manner in 
which they grow, by reafon this was cafier to be 
difcovered by experiments, and that it afforded ao 
eafy inCght into their formation ; which, m 
one may fay, is only die firft degree of growth. 

A body may grow in two diiFerent manoer?, 
f>r %^ fpeak more precifcly, the little parts of 
matter which unite themfelves to thofe a body 
before confifted of, and hereby augment ics hnlK 
may be joined to it in two different mannen. 
The former when they have firft pafiTed thro* the 
body itfelf, and are prepared therein, and hereby 
rendered fit to poffefs the place they are carried 
to, ere they become unifed thereto, which is 
commonly called^ growing by vegetation, and 
in fchook, by intuflufcepdon. Thus it is the 
fap mounts in plants, by little canals in the plants 
themfelves ; whichj after preparing it, fuirably 
conveys it to diverfe parts of the plant, where it 
flops and adheres, and confequently inlarges tfw 
body of fuch plant : and *as thus that the blood 
in an animal, being conveyed by the arteries to 
the extremes of the tody, adheres to the flcfli aoJ 
augments its bullc. 

The id fpecies of growth is, when the nf^ 
parts arc applied to the bodys without paffing 
through, or undergoing any prep;irarion in the 
body itfelf, which is called growing by appofuioJi' 
and in the fchools, by juxtapofuion. Thus it is 
sll thofe artificial plants grow produced by the 
chymifUj as hkewife all chryftalliiations, k^ 

Now 
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Now the growch of ihdk muft be performed 
ter one of thde two manners ; they who make 
^ery thing ye;getare, even to lionet, would hardly 
wc fufpeited thac (liells, which are wrought 
_ f ith fo much artj fhould be produced by a fimpic 
juxtapofition, and the m^logy^ which feems to 
be between them and bones (for may they noi 
be coniidered as external bones) feems to con- 
firm the opinion, fince bones really vegetate j 
>yt there is no great ftrength in bare conjectures, 
i<i *tis experiments alone, made on the tilings 
"themfelves in qiieftion, that can fuppoft fuch 
rcafonings ; ^cis they alone muft fhow the way 
nature has been ptcafed to take to arrive at her 
id i and by them we fhall hereafter fhew» thai 
islls are formed by a fimple appolkion. My 
experiments indeed have orJy been made on 
^■Iptne fpecjes of fheOst both of the fea» river, 
^Knd land kinds ; but this I apprehend fufficient to 
^Kitltk me to an expJanation of the growth and 
^ibrmation of fhells in general, for the fame rea- 
fon, as the explaining how one plant vegetates, 
LtT in what manner nutrition is performed in one 

|,nimal, would b^* allowed fufficient for all. 
Hence I iTiall content myfelf with renting the 
laeperimentsj have made on diverfe kinds ot land 
hails J to prevent the tedious repetitions I mull 
all into, were I to give the like experiments up- 
on water-faails, both fea and river kinds, upon 
Kcveral fpecies of two leaved (hells, as mufcles, 
mllourdrs, peftongles, &c, which it would not 
I De eafy for many people co repeat after me ; 
, whereas every body may make them on land 
fnails* AH I think jiecelBry to note is» that I 
, inclofed the feveral kinds of fea and river fticU- 
idles in little tubs, which I funk in the fea or ri- 
after firft piercing them full of little holes, 

big 
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big enough to let in the water, but not to let out 
the fifhcs •, by which means I was enabled to 
inake much the fame experiments, and with the 
fame fuccels upon their (hells, as thofe I am g<>- 
ing to relate upon the flieils of land fnails. Thus 
much laid down, I pafs on to explain the growth 
of fhells. 

When the animal, which before acaftly filled 
its Ihell, grows^thc Ihell can no longer cover it all 
over, but neccflarily leaves part of the body bare, 
which bare part is always that next the aperture 
of the (hell 5 for the animal can only grow on 
that fide< All animals^ which, like the fnails, 
i[i habit twiftcd or fpiral fheUs, are only capable 
of uogmenting on the fide of their head, which 
is ilvAi of the orifitc of the Ihell j whereas the 
fifties of two leaved fticlls,as mufcles, are capable 
of growing in dicir whole circumference. Now 
in all the fpecies of fhell-fifhes, 'tis this fame 
part of the body, thus uncovered by the 
growth of the animal, that makes the fhell gmw, 
and the mechanifm whereby it is effected, is as 
follows, 

^Tis a neceffary effeft of the laws of tnoiion, 
that in liquids flowing in canah, when the 
the little part of fuch liquids, or any little foreign 
bodies mixed with them, which by reafon of 
their figure, or their Jikenefs, moves flower than 
the reft, muft recede from the centre of motion i 
that is, range them fe Ives near the fides of thofe 
canals 1 and it frequently happens, that fuch par- 
ticles do like wife adhere to the inner furface of 
fuch canals, when they happen to be vifcid c- 

' Bough for that end. Of this we have infl:ances in 
the common water-pipes, whofe farietes upon 
opening them, are frequently found covered over 

I with a Jitde cruft of viicid fubftapce ^ and fomc 

wbcrcio 
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crein certain waters are conveyed, with a ftony 
ft V it is certain withal, that the liquids, flow- 
ing in fuch canals, prefix or impel their parktes 
on all fides, or which amounts to the fame, prefs 1 
the little vifcid or ftony particles of the crufts^ 
above-nicntioned againft the fides ; fo that if 
thefc canals were pierced like ficves^with a multi- 
tude of little holes of a proper figure, to give 
paflage only to fuch little vifcid and ftony bo- 
dies, they would break out of the canals, and 
place themfelves on the external lurface thereof, 
and there form the cruft, as is feen on the infide; 
with this only diiference, that the former is ca- 
pable of becoming much thicker and ftronger, asi 
being lefs expoftd to the fridtion of the liquor,* 
than that formed in the infide of the canal 

Now the growth of (helJs is the work of a me- 
chanifm of this kind \ the external furface of the 
new-formed part of the body left bare by the old 
fljell, is full of a multitude of canals^ wherein 
ttic proper fluids are circuhting, that are to fuf- 
t&tn the animal y and a great number of vifcid 
and ftony particles are intermixed therewith, 
which being lefs fluid than thofc which compofe 
liquids they are among, are caft neareft the 
ides of the veflels, which being full of an infinite 
lumber of pores at the external furfiice of the 
dy proper to give them pafTage, they eafily 
cape out of their containing velfelsj as being 
continually driven againft the fide by the circula- 
\ ting liquor, and place themfelves on the external 
I furface of thefe canals, or rati if r over all the fur- 

I&ceofthe body not covered by the fhell, where 
they arrive widi the more eafe* as all the pores 
eivc them a free exit i whereas feveral of thefe 
K>res may be flopped on the reft of the body by 
e ftiell it is covered with, 
3 Thefe 
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Thafc pamcles of vifcid and ftony matter being 

[arrived at die cxreriml fiirfacc of the body, eafily 

adhere to each other, as well as to the extremity 

€)f the ihcll ; and when the moft fubrle and fluid 

[part of them is evaporated^ they compofe a little 

► lolid body^ which is the firft liaycr, or Jiraium^ 

j of the new piece of fiiell, and other parrides of 

a like maxter to chat of the firft /r a/ aw, whereof 

the circulating fluid contains enough, ifliie froro 

the fame veiTels, by the lame mechanifmj bene 

it being no danger, that the firft ftratum fhoiild 

have ftopped alt the pores, and thus hrm a fe- 

cond firaium of flaell 5 ajrid after the like mauncf 

arifes a third and a fourth, tiil the new fliell have 

arrived at a certain thickncfs, which is ufually 

much Icls than that of the old one, when the 

further growth of the animal gives rife to another 

new piece of fhell, 

*Tis the experiments I am now going to deli- 
ver^ chat are to fliew whether this be the real 
manner of nature's proceeding, or whether all I 
have advanced be only matter of imagination* 

I began with fappofing that the animal g^ws 
before its fticll, of which it is eafjr to be {atisfied, 
by obferving a garden fnail at the time wlioi its 
ihcH is about to grow, or enlarge; for bene it it 
vifibly too fmall to cover the body. On this oc- 
cafion, they fallen chemH^lves to the wall, where 
they remain at reft, and give opportunity for 6b* 
ferving a part of their body come beyond rfjc 
Ihcll all around j and this Hke all the rell of their 
body, is fail of a prodigious number of little ca* 
nals, as appears by the naked eye f but much 
more by the microfcope. 

The pores I have fuppofed in thefc canali, 
are too fmall to be vifiblc \ bur their exiftencc 
may be evinced from their clfedsj with as much 

uccriaimy 
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ceitaimy a» if erife fe^ Attn ew fo plainly. To 
iip this, we need cmly break oS a piece of the 
flieU of a^nail^ without wounding its body^ which 
may always be esifily done, by reafon it 01^ 
ftidcs to k in one place s for ma little time after 
we flioald -find the skin of the ammal covered 
with a liquid fobftance, which could not have 
oomfc'ffonvthe veflfels it was contained .in, unicfs 
diere had been pores in thofe veflels to let it pafs ; 
and'ff fiorfurtlter iatisfaSion this liquor be wiped 
oflF die skin with a linnen cloth, in a few hours 
mdre, yoifll have a dew liquor of the like kin^ 
fiiooeeding it, Which coming at once over the 
'Whole bare part, can only l^vepai&di through 
Its pores. 

'Tis this liquid, -or rather the lefe fluid and 
tnofveable particles therein, that ferved to make 
thefliell grow 5 of this there will be no room to 
doubt, when tc isiconfidered how it repairs the 
.Ids'of apiece of its -fliell, which may be dearly 
feen *, by putting a fnail, thus .ftrippcd of a 
piece trf* fliell, in a place where it may be comr 
modhnifly obferved: In a velFel, for. iiiftancc^ 
-where it does not remain long, ere it fattens a- 
gaitlft the fides of the vefiel, as it does againft a 
^rden wall, when its Ihell grows in the ufUxl 
ooarie. Upon this the liquor is feen to thicken 
atid fix, that if, its -mere volatile parts evaporate, 
and leave the grofler behind, which form a thin 
kind of truft over all the naked part of the ani- 
mal. This craft rnay be perceived in four and 
twenty hours times, in which ftate it may be 
conipared for itsfinenefs to a fpidert web. 'Tis 
this cruft that forms the firO: ft raium of the new 
fliell, whidi in a few days more grows thicker 
by die appofition of new layers under the firft, 

• PlatcIII.F:g.6. 

• VoL.'III. N^3o. Ff till 
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till in ID or 12 days that the new piece of ftiellis 
arrived at much the fame thicknefsas the reft. 

When you would obferve the new piece of flielt 
arrive at this thick nefs^ care muft be taken to put 
up a proper food with the animal, erpecially if 
the fra^flure were made near the aperture 1 for 
oiherwife the bulk of its body will diminifh con- 
fiderably : fo that what ftiell is left them, bdng 
large enough to cover them over, there arc only 
the firft leaves of a new fhell formed 1 and it may 
in fome cafes belikewife proper to pull them froni 
the fides of the Tefiels, when they continue there 
for federal days together, in order to induce them 
to ufe the food, and repair the expence made in 
producing the firft leaves of a new piece of flieJL 
For their food one may give them herbs, or 
even earth, and paper frequently fprinkled with 
water, for they will eat indifferently any of thofc 
things, which may lljpply particles of maner 
firm enough to form a fhell 1 and the earth, ibr 
inftance, muft needs abound with a multitude of 
little lamina ^ whence the ftones are formed diaf 
grow in its bofom 1 if fuch ftony lamina circu- 
late with the liquors in the veffeis of the fnaiL 
they muft doubtlefs be very fit to form thefevc- 
fz\Jirata of fliells. Now it may be Ihewn, by a 
very eafy experiment, that fuch little ftony par- 
ticles do circulate with the liquors; in order to 
this^ one need only put a certain quantity of tk 
:Jiquor in a veifd, and expofe it fome days to tk 
* open air Affer the fuhtleft part is evaporated, a 
folid matter will be found at the bottom, amone 
» which a multitude of little white friable corpul- 
^cles^ like graiijs of fand, only thinner, will ht 
•-found. 'Tis known likewife, that fnails at tk 
Ibeginning of winter make of this fame liquor a 
[little lid, tor the orifice of their ilieJl, to cofcf 

themfelm 
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thernfelves clofc up. This lid indeed is of a dif- 
ferent texture, from that of the Ihell ; but it is 
folid, which is enough to (hew that there is plenty 
of fblid particles mixed among the liquor ; all the 
difference of texture between the lid and the fliell, 
probably arifcs from the difference of the pores 
thro* which it paffed, in order to form them. 

The fmgle manner of forming a new piece of 
Ihell, in the room of another broken off, might 
fuftce to prove, that thefe bodies do not vcge* 
tatc 5 for if they grew by vegetation, there are 
only two ways for it, neither of which is compa- 
tible -with the preceding experiment : for either 
thefe Kquids, which the animal furnifties for the 
growth of its fhell, and which on this bypotbefis^ 
can ojily be conveyed to it, by the little part it 
is fattened by, which may here be confidered as 
the root of the fhell ; either^ I fay, thefe liquids 
mufl here meet with canals to carry them to all 
parts of the fhell, or canals to carry them only 
to the extremity, which is to be enlarged. Now 
in both thofe fuppofitions, it would come to pals, 
that when a piece of the fhell had been broke off, 
the liquid, flowing in fuch fhell, muft extrava- 
fate and pour forth at the rupture made in it. In ■ 
which cafe, it would be on the circumference of 
the hole made in the (hell, that this liquid would 
be founds which, in reality, we only find on the 
body ofthe animal j and this liquor, after fixing, 
would make a kind of callus^ which gradually 
enlarging, would at length clofe the hole. 'Tis 
thus the calluses have broken \ bones are formed 
by the extravafation of the juice, which before 
fcrvcd to feed, and make them grow ; and *tis 
thus that after cutting a piece of flefh from any 
part of the body, the adjacent flelli extends, and 
at ic^ngth covers the part before left bare. Laftly, 
F f 2 the 
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the fame thing is found to bdal trees ; for upon 
cutting off a parr, the juice cozing from it^ fonm 
a callus^ which, by degrees^ covers over the 
vifhole wound ; but the quiee contrary pafles lA 
ihe produilicn of rhe new piece of IJtcU, nodiiBg 
comes out of the fhcU, and the whole comp^ of 
the hole doles at the fame time, by the Siqpor 
oozing from the fubjacent body» and to prevent 
any fufpicion, that this liquor iffues from ik 
fiiell ill fome infenfible manner^ and falting by 
its own weight, by the body of the animal, ga- 
thers in fijfficient quantity, to compofe at length 
a new piece of fhe!!, always placed diri "" ' !er 
the old one, I ftiall fiibjoia two ex, u, 

which, at the fame time, will remove this Icra- 
ple» and demonftrate what has been already ad« 
danced. 

♦ I have broke fevcral fiiai!* (hells in two dif- 
ferent manners, the firft by makmg a large hole 
between the two extremirie&of the llieil 5 that k 
between the Ihell and its orifice, arid thro' the 
hole thrafting a piece of thin fkin between rhe ani- 
mal and its Ihell and fiftening this Ik in to the 
inner finface of the latter, fo as to clofe vet y ac- 
curately the hole made therein : here it is evident, 
that if the fliell were not formed of a liquid fpring- 
ing rhimediatcly from the body of the animal, 
but of another ozing (mm the Ihell^ a piece of new 
fhell murt have form'd icfelf on the external fui* 
face of the fkin \ and no Ihdl could poffibly be 
formed between die body of the fnail and (bis 
fkin: the conrrary, however, came to pafs; tk 
fide of the fkin which immediately touched the 
body» becoming lined with Ihell, while nothir»g 
appeared on the other fide, 



Thefecond experiment is no lefs dedfive thaa 
the former for breaking feveral fnail flitlls, to 
as to kflen the number of their circumvolutions : 
reducing for inftance a large gardeii-fliell *, which 
ufiiaJly conCftsof 4, or 4 i» to 3 i, or 4; and 
thus rcnderijig them toafmall to cover the animal^ 
I put them much in the fame condition as they 
were in^ when the growth of the body left part of 
it bare ■, this done* I took, as in the former expe- 
riment, a piece of the thin ikin, as large as the 
aperture of the fhell j and thrufting part of it be- 
cwecii ttie body of the fnail and the fliell, and 
feflcning it to the inner furface of the latter, I 
turned the reft of the fkin over the external fur- 
fkce of the fliell^ and fattened it in like manner 
thci^to, fo that the whole circumference of the 
aperture of the ftiell was covered with the fkin. 
Now if the dell grew by a principal vegetationj 
one of thefe two ttiings muft happen, either that; 
the piece of Ikin thus clinging about it, wouM 
have hindered its growth i or the Ihell growing 
and extending^ would have carried the Ikin with it. 
But the contrary happened^ for the IheJl grew» 

Rd the skin remained as I left it ; the growth of 
e fhell being lb conduced, that the thicknefs of 
fheskin remained between the new piece of fhell 
and the oki ; which latter therefore could contri- 
bute nothing to the formation of the former. 

Nor is there any difficulty in conceiving how 
the little parts of folid matter, mixed among the 
fluid j fliould f^ihn themfclves to each other, in 
order to form a Rr&Jlraium of the new Ihell i nor- 
tow a iecondy?r^/iU/f fliould unite itfclf to this 
fif ft i a third to the ftcond i and fo of tlie refl:. 
Ac Icaft this difficulty is no other than what we 
meet withaU in explaining the ne?ciii of the parts 
1 Fig. 8. 

of 
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of all iblid bodies ; in efFeft, whatever fyftem wc 
adopt, 'tis obvious, thatTuch folid particles float- 
ing in a very vifcid liquor, are greatly difpofcd 
to unite together, and form feveral ftrata^ as 
above-mentioned, I proceed now to give an 
experiment, which may let fome light into the 
manner wherein this is effefted. 

I pounded fome fnail (hells in a mortar, and 
after reducing them into a very fine powder, pafled 
it thro* a very clofe fieve, in order to feparate the 
coarfer parts. This powder being put in a vcffcl, 
and vinegar caft thereon, a fermentation arofc, 
and a kind of pafte was formed, which being left 
to dry in the air, attained a confiderable hardnefii 
efpecially the firft layer, or that next the air ; on 
the contrary, when I moiftened the fame pow- 
der with water, a pafte indeed arofe ; but .upon it? 
drying, the little particles of the powder crum- 
bled again, and ceafed any longer to adhere. 
Hence it appears, that the acids analogous to thofe 
of vinegar, are proper to bind the particles 
whereof the ftiell confifts together ; they who 
make ufe at every turn of the acids in the air, 
' raay here find room for them, by fuppofing that 
they contribute to the coagaulating of the li- 
quid, which fixes itfelf on the body of the fnail. 
But to make this conjefture carry a face of pro* 
bability, it feems neceflary, that there fhouW be 
ibme acids found mixed with fea- water, to help 
coagulate the liquids whereof fea- (hells are formed; 
whereas if this were true, the powder of a fea- 
fhell, mixed up with fea- water, and then dried, 
muft come to a better confiftance, than what wc 
obferved the fnail-(hell did, when mixed with ri- 
ver-water, which in faft it does not. 

Kor need we apprehend, that the firft leaf of a 
(hell (lioufd (lop all the paiTages, by which the 

liquor 
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liquor is to iffue to form a fccond leaf, or fir at um ; 
and fo of others, till it have arrived at a thick- 
nefs. 'Tis hardly poffibJe, that the ne^ leaf 
ihould clofe fo exadiy about the body of the 
fnail, as intirely toftop all the little pores thereof;- 
but the difficulty vanifhes at oncie, upon donfi- 
dering that this firfl: leaf could not be formed 
without a diminution in the bulk of the fnaiP^ 
body, both on account of the folid particles, 
whereby the fhell is formed, and of a much larger 
quantity of fluid matters mixed among them, 
which had fince evaporated. Hence it follows, 
that there muft be room enough left between this 
new leaf and the body of the animal, for new 
liquor to place itfelf between them, and thus form 
a fecond ftratum by the fame mechanifm as the 
firfl, and fo a third, and as many more as is ne- 
ccflary to give the fhell its due thicknefs, :* 

The feveral fir at a ^ which compbfe the thick- 
nefe of fhells, become very fcnfible upon throwing 
a fiiell in the fire, and taking it out again, after 
it is a little burnt ; for here its thicknefs fubdivides 
into a great number of different leaves, which are 
at a litde diftance from each other, the fire having 
found an eafier paflagc between thefe leaves than 
bctweeen the Icffer lamina each of thefe confifts 
of ; and the like ufually happens in other bodies 
formed of firata. Wicnefs all thofe kinds bf 
pdflrics, formed of what we commonly call puflF- 
pafle, the whole flrudure whereof is to be formed 
of alternate layers of pafle and butter laid one 
over the other 5 which, upon baking, divide in- 
to feveral leaves or fhivers, by reafon paflages are 
taficfl opened by the fire, or are even found al- 
ready open between the feveral layers, which can 
never be exaftly applied one over the other thro* 
their whole extent. 

I The 
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The feveral leaves may be eafily ftftencd to 
each other, without their faftetning likewife to the 
body of the animal tliey ar&f:ocover> which, the 
moifture of its skin muft rteceffarily prevent j and 
if any flight adhefion {hould happen, the various 
motions of the animal within its fhell^ woiitd bc 
enough to break them agaio. 

*Tis a neceflary confequ.ence of this fyftem df 
ihe growth of fiiells, that their iolargement 
fliould only proceed by iacreafing the number <rf 
their fpiral wreaths or circumvolutions 1 and that 
the length of each circumvolution fliould always 
jemain the fame, which accordingly is a matter 
of faft, one may eafily be coavinced of, by only 
reducing the (hell of a fnail^ arrived at its utmoft 
growth, to the fame number of circumvolutions 
as that of a young fnail of the fame fpecies, the 
two -fliells will be found of the fame fize, I 
have frequently con-ipared the fliells of fcaib 
newly hatched, or which I had even taken out df 
iheir eggs before hatching*, with other £helbof 
the krgcft fnails of tlie fame fpecies, frotn which 
I had retrenched all but the like number of fpini 
circumvolutions, as were in the little ones^ in 
which cafe they appeared both equah It may be 
added, that the oujnber of thefe circumvolutions 
makes a conOderable addition to the fize of a 
fnairs fiiell a fingle circumvolution, more or lefs 
occafioning a very ferifible diflFerencCi for the 
diameter of each circumvolution is near double 
that of the preceding one, and but half of the fot- 
. lowing one j whence it follows, that a half or even 
a ^ of a circumvolution more muft make a con- 
fiderableenlargement*^ and yet it frequenrly pro^vts 
difficult enough to difcover, whether a ftiell oon- 
tain f or a ^ of a circumvolution more or kfs 
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iian another. The only fime way to compare 
Jie number of circumvolutions between two 
hcHs of the fame fpecies, is to compare large 
Hies with very fmall ones, in which cafe the dif- 
crence eafily appears. 

What has been hitherto faid of the growth of 
h^ls, will eicempt us from the neceflity of enter- 
iig into the derail of their firft formation ; for 'tis 
•afy to conceive, that when the body of a litde em- 
tuyo, which is one d^y to fill a large ihell, is ar- 
rived at a certain ftate, wherein the fcveral skins 
tfaatinclofe it are of confidence enough to let pais 
J^pb' their pores the only liquor fit to form a 
(bell, this liquor muft place itfelf on fuch skins, 
uiid thicken and fix there ; and in one word, be- 
gin the formation of a fhell in the fame manner 
IS it afterwards continues its growth. Snails do 
DOC leave their eggs, till they have firft covered 
themfelves with fuch a fhell, which now confifls 
of one circumvbbtion, and fomewhat more. 

Ic remains to folve two difficulties, which feem 
pretty confiderable : the firft naturally arifes from 
the experiments above related, and fbnds thus^ 
the new piece of fhell, formed in lieu of the old 
Mt which had been pulled off, is of a whitifh 
colour, and confequendy very different from the 
reft of the fhell, whence icfhouldfeem to be of a 
di&rent texture, and may hence be inferred to 
have been formed after a different manner ; fo 
that the foregoing experiments will determine no* 
thing as to the ordinary way of growth. 

To obviate this difficulty, it will be necefTary 
to account for the regular variety of the colours 
in certain fhells, or the fame experiments, which 
(hew the caufeof.fuch regularity, will effedually 
remove this objeftion. 

Vol. III. N^. 30. G g This 
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This regukr variety of colours ti pecatiaily 
oblervablc in a liEtle fpccies of garden fnails*; 
the ground of their fliell is white^ citron coloured, 
ydbw, or fome intermediate colour between dicfc, i 
and on this ground appear various flripes^ which 
twill; fpirally like the ihcll, and in fome flxells are 
black, in others brown and reddilh^ in mhm 
the breadth of each ftripc gradually incrr V 
it approaches towards the aperture of the i 
and it fometimes happens, thattwoof rhem Ipread 
i^ much as to nicer, and form only one broid 
ftripe afterwards. In fame (helis there arc 5 cr 
6 fuch ftripes ; others have but 3 or 4^ aodotbcfs 
only 2, or even a finglc one. A fort of white 
and brown ftripes may alfo be kon on cbe krgc 
gardcn-fnails* but they are much lefs coufpi* 
cuous, and rauft be viewed with fome attention -, 
to diLiinguilli one from another in each kbd of 
ihelhy the ftripes are not all of the fatne bneadth 
in the fame part of the fhell. There feems but 
one piaufibk way of accounting for the variety 
of ihtfe colours on the principles we have bat 
eftablifticd cf the growth of fhells by juxtapoft- 
cion \ for having confidered the skin of the ani- 
mal as a kind of ficve, which gives paffage 10 the 
particles, wliich arc to form the ftiel]* *m ob- 
vious, that if we conceive the skin as diftncotlf 
pierced in difterent parts, or which amouoti co 
the fame, that it is compofed of dilFerent Hcvcs^ 
fome whereof pafs particles of different figunt* 
or natures, from ihofe palled by others, and deny 
entrance to thele, it will follow, that futb pam- 
cles of different nature or figure, muft foni* 
bodie-^, which will nefled die like dil 
that is form pieces of ftiell of difFcrcnt ct 
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"is likewife a neceffary confequence of the 
BoanBcr of growing of a fnaiTs fhell, that the 
whole furfftceof this ihell (I do not fay its whole 
t^iicknefe) fhould be formed by the collar of a 
fnail, as being the part next the heati, and which 
therefore, upon the leaft growth of the animtJ, 
maft be left uncovered, *tis this therefore that is 
to enlarge it 5 and we may confide^r this as the 
manufafturer of the whole fur face or circumfe- 
rence of the ihell : fo that it will fuffice, if this 
tolltr be compofed of different fieves> to form a 
(heH of different colours. For inftaricej if it had 
twa or three little fieves proper to tranfinit black 
or brown particles, and the fides of thofe fiev^s 
be parallel to each other, while the reft of its fur- 
face tranfmits other purticles proper to exhibit 
[fcHow or citron colour % for the ftiell formed ©f 
particles pa^d thro* thefe feveral fieves^ muft evi- 
dently have a yellow or citron colourM ground, 
^ith black or brown ftripes theteoo, almoft pa- 
rallel or approaching each other infenfibly^ and 
ivhich will become hrger in proportion, as thefc 
ficves are enlarged* 

Tho* we were to difcern nothing like thefe 
different fieves juft mentioned on the collar of the 
fnail, ihey afford us lb probable a lulution of the 
diverCty of colours in fhells, that one would be 
indiiced to admit them, but forrunately enough 
rhey difcovcr themfeives, efpecially in the Httle 
rpecics of fnails, fo remarkable for the diftinft- 
tiefe of its ftripes *, Upon the ft ripping one of 
thefe fnails of a part of its flicll, all the reft ef 
the body appears of one uniform whire colour, 
atccptingthecoUar, where the white has more of 
tycllowifh caft \ and befide this is befet with a 
nutnber of black or brown ftripes, equal to tb^it 
Fig. 10. 
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ofthc ftripes of the (hell; aitd placed in the fame 
direftion. Thofc fmih wbkh have only one 
black ftri pe on their fhell, having but one blidc fpot 
on their collar, and thofe which have 4 ftripes on 
their ihell, having 4 likewife on their collar : tbcfc 
ftripes are placed immediately under thofe of the 
fhellj and begin at about a Jine*s diftance from 
the extremity of the collar, which irfelf is ufoallf 
fpotted with black all around •, but the length of 
ihefe ftripes in the collar differs in different fnails 
of the fiime fpecies i one cannot overlook tbe 
fieves J h^ve above-mentioned, in obferviog theft 
ftripcSt whofe different colour abundantly prcva 
the difference of their textures. 

To remove all doubt, whether thefe fpots do 
the office of fieves different from thofe of the reft 
of the collar, and that the reft of the oalkr» 
which likewife appears of a different colour from 
the reft of the skin of the body, does alfo tranf- 
mic particles of a different nature or figure, the 
bufincfe muft be to learn, whether experiments 
agree with this reafon ; and all neccffary ihenrto, 
is to let a fnail repair the fliell, which has been 
torn from.it I for if it appear, that fo much of 
their fhell as is formed over theJe black ftripes 
is black, and what is formed between them is of 
E different colour,both from thofe ftripes,and from 
the reft of the body ^it muft be allowed incontefti- 
ble, that thefe difftrem parts do the difterent of- 
fices above affigned them. Now experience 1- 
grees pcrfe£lly with the reafon already laid down, 
* the fliel! growing on the collar over the brown 
or black ftripes, is itfdf brown or black j that 
formed between them is white or yellow 5 and that 
©n al! the reft of the body white, but a difiirem 
white from that of the collar when it happeni to 

* Fig. II, 

be • 
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be white alio : the lame is obfervablc in the large 
garden -fnai Is, where all the fhcli formed over 
their collar is brown^ or of a colour like that 
of the old fhell, and the fiiell on all the reft of 
iheir body white, 

«We come now to a fecond fcruple^ which 
ay arifc upon repeating the experiments here re- 
lated. The new fhell formed over the collar, in 
the room of the old piece broken off, fometimes 
proves of a different colour therefrom/ which 
fecm a contradiftion to the account here laid 
down. 

But there will be no great difficulty in reconciU 
jng this kind of irregularity with the reafonings 
and experiments abovT-, when ^cfs confidered that 
ihe new fhell formed over the collar never differs 
in colour from the old, unlefs its external furface 
be cxtreamly rough, and as it were furrowed over, 
while the reft of the fhell is quite fmooth. 

This inequality of furface of the new fhell is oc- 

cafioned by the motions the fnail puts forth, whea 

it would re-enter its houlc before this part be 

, thick enough to fuftain iifelf, without bearing on 

K\ for 'tis evident upon thus flirinking ir» when 
ere is only ond or a few leaves formed of the 
, J3£W piece of fhell^ it muft bring the extremity of 

Kh pliant leaves towards the old ftiell, and thua 
jucing them into a Ids compafs^ makes djverfe 
folds therein, which of itfelf were almoft fufficient 
10 cJiange the colour of the new fhell; but there 
is fomething more in it ^ for the firft new /r/?- 
ium formed upon breaking off a large pieco of 
old Ihell is ulually white, by reafon the particles 
of the Jiquid difpofed to form a fhell of this co- 
lour, are tranfmitted more readily thro* the pores 
than thofe which form a fhell of any other co- 
pur, as is evident enough, the reft of the body of 
. 3 ihc 
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place to another^ ihells may eafily come to be ir- 
regularly cnarkeJj provided there be fieves on 
ihdir collar^ which tranfmit different liquids > fincc 
in that cafe it rnuft frequentJy happen, that the 
liquid wilJ not remiiin in the place where it was 
fiift lodged; but that what for inftancc was 
deftined to form a white Ihell, (hall remove kfelf 
to a place where a liquid ifTues that is to form a 
black fhell j as on the other hand, that which 
forms the black fhell ^ chey run into a place where 
another liquor iflues to make a white fhcU ; now, 
as chis muft happen very irregularly, according 
to the different pofitions the animal is in, wheit 
the flidl is formed J tlie fpots muft likewifc be 
difpofed very irregularly. 

Recourfe however muft be bad to the 6rft of 
the two caufes above afiigoed, viz. a change of 
the texture of the fieves of the collar, in order w 
account for the regular pofition of the red fpots, 
in a fquare or reftangular figure, which adorn 
thefliell reprefented in fig. 13, it being neceEuy 
to form it fuch, that the fieves jn this fquare^ or 
redangular figure, which tranfmit the liquid 
proper to give fuch colour to the Ihell, ftop, aod 
open ngain at a certain rate- 

Tho* the collar of the fnail trace out the wbok 
circumference of the fhell, and tho' this fuffice to 
diflribiicci colours regularly thereon^ yet it doa 
not give it all its thicknefs, which receives a con* 
fideraWe augmentation from the particles of the li- 
quid ifTuing from the pores of the reft of the fkiB : 
this is eafily (hewn, for upon reducing the (hell of 
a large Ihail to the fame number of ciicumvolo- 
tiops, as that of a fmall one, tho* they appear equal* 
iy 1 - ytt that gf the large one wili be found 
tl ; ihis^lncreafcd thicknefs of the fliell 

h rly obfcrvabk in Ibme Ipecks of fpiral 

fea- 
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ea-mcUs, where it fomcrimes rifcs to fuch a picch» I 
ihac the firft circum\rolurions of die fheli grow' 
up \ fo that the animal is obliged to withdrawr in , 
cail into the circumTOlutions further off, as ap- 
pears very fcnfibly in feme fliejls dife6ted by 
M, Mtirry 5 one whereof is reprclented by fig, 1 3, 
where the 1 paces aaa^ formerly poJTcfTcd by the 
body of the animal^ are become quite folid. 

The aninial*s tail not adhering to the vertex of 

the diellj as fome have imagined, it can eafdy 

difplajcc it; efpeclally while the pare whereby 

f])e aDimal is taflened to the /hell* is change 

ing ( for this part changes according as the 

body of the animal, mates more, or fewer^ 

fpirds : ) thus a litde fnail, for inflance, fhall be 

faftened by a paft of its firft circumvolution, and 

when its grown bigger, Qiail only bz faftened by 

the fecond, 

^^ The laft flrata formed by the fkin which does 

HEb: cover the collar of the Inail ought to be white 

agreeably to all that has been hitherto advanced^ 

ar»d they are fo accordingly, as may eafily b© 

perceived by rubbing off the firft Jtrata of the 

external furface of thefe fhcJls, with a file; thofe 

which then remain appearing white, or the fame 

^may be proved with Icfs trouble by confidering-, 

^ftat the colours of the empty Ihells found in gar- 

^oens, are irequendy almoft effaced, and fometimes 

appear qui[e white J the firft ftrata which are the 

only coloured ones, having been carried off by 

too much attrition againft the ground. 

The growth of fhetls being proportionate to 

Bar of the aninbals inhabiting them, is hardly 
nfible \ yet in the gen^fality of ftidls, we can 
fily diftinguifh their fever al ftages, or degrees 
of growth : thefc are exprcffcd by feveral little 
parallel eminences^ which one would be apt 10 
VoL.IlLN'\ 30. H h take 
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in certain parts of fome (hells ^ for how on thi? 
fyfteni (hould the curvity of fomc fhells be pro- 
duced, which, after extending fbr fomc time out* 



wards, turns 



agniti 



upon itlelf, as in fig, 1 



or 



which reprcfenrs the tranfverfe feftton ofa fliell of 
this kind, where rt may be feen ? But after the 
ftiell has twifted from A through CCC to EEE, 
it tijrns back again to D D D, a nneer appofirioii 
of parts ought rather to continue the fame curvity. 
2dly5 How are the horns produced which we 
find on certain Ihdls ? By horns, I mean a kind 
of eminences feen on fomc fpecics of Ihdls^ 
which by their figure rcfcmble the horns of fome 
animals, fuch are the eminences tn fig. 14 and 
15, reprefented by the letters CCC sdly. How 
can the furrow.^ or flutings, be farmed, which 
inrich the external furficc of certain Ihells, while 
their internal farfuce is perfeftly fmooth ? For 
why Iliould fuch fhells be thicker through their 
whole Iqjjgth in fome places, than in others, n 
are thofe of fig, 17, 18, 19 ? Laflly, How ean a 
cavity be farmed, wherewith the body of the ani- 
mal has no communicacion, and which runs all 
along the acclivity of the fhell, as tbtt repre* 
fenied by E> fig, 7. 

The fhells of land fnails will yet furnifh an m* 
fwer to the firft of thofe difficultiesf. The hft 
ftige of growth of thefe fheils is a kind of rim 
or ledge, about a line broad, which turns out- 
wards j whereas all the refb of the fhell turns m* 
' weirds i this ledge formed, the growth of the flielli 
is at an end ; they who may never have feen a 
fnaii's flidl without fuch a ledge, feem to have 
fome rmfpn to conclude, that thefe ttielb cm ne- 
ver b* produced by a fiat pie juxtapofition ; for 
in that cafe they fbould twift a contrary way from 

' what 
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It thejr do ; but if it be confidered^ 
of all -Jgts md degrees of growth below the higWJ 
eft, have no fuch ledge, the difficufcy dtfappeara^-J 
for the Time thing doubtlefs h;ippen to fucl^^] 
fhclls> as th^t of Jig. 15. This k'dge is of thcrj 
fame colour with the ftripcs in the little ftripedlj 
friails, reprefented in^ff. 1 1, and accordingly the] 
extremiry of the collar is of the fame colour a^l 
the skin^ which forms the ftripes, as may be fea»] 
in^X^ 10. 

The curvity of the Ihell is unchangeable, unlefl j 
that of the body of the animal, which is its mould^ 
happen to change, *ds eafy to imagine probably 
caufes of fuch a change in the growth of the fnaiJi 
For inftance^ ^ris not unlikely, that the internal 
fibres of the collar may grow fafter than the ex^ 
tcmal ones i the confequence wiiereof muft bii I 
thelattcr*s palling the collar of the fnail towards] 
them, and obliging it to bend outwards^ 

As the different length of the fibres of the crf-^ ' 
lar gives us an eafy conception, how it may cotntt 
to be bent outwards ; fo, by attending to this 
different length of the fame fibres, wc may con- 
ceive how rhc bodies of feveral animals come to 
be twifted Ipirally, for fuppofing that from the 
proJuclion of fuch animals, the fibres of a cer- 
tain part of their forfacc are longer than thofe of 
the oppofite furface, *ris evident the body will 
crook itfclf fo as, the furface, whofe fibres arc 
fhortcft, wit! form the concave of the curvity i 
and the other furface, whofe fibres are longtft, rfie 
convex which is enough to make the body of the 
animal defcribe a fpiral, fmce it cannot grow with- 
out always bending thus on itfelf, provided its 
long and fhort fibres grow in the fauie propof tion, 
*Tis true, in the cafe above-mentioned, it would 
only defcribe fpirals, whole feveral circumvolu- 
tions 
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lions would be almoft in the ikmc pUne 
few animals have the fhell or ibe body, which 
fzfvm it as a mould, t willed in this oianaer, hm- 
have the feveral fpires, both of their body and 
ftell, in different planes; but with one tuppo- 
lilion more, we ftiall eafily conceive bow chofc 
laft fpirals are formed j for fuppofing, befidc tte 
iwo lurfaceSt whol<^ tibres have been iaid down as 
longer one of them than the othcr^ that thefc aft 
two other diredlly oppofite furfaces, each of ihem 
cor^frehendcd between the preceding ones, bi^ 
fm^lleF than them ^ and that theft two laft fur- 
face^are alfo fornjed in fuch manner^ that cbe 
fibres of the one arc longer than the correfpond* 
ing fibres pf the ocher. This muft needs oblige 
the body of the animal co incline itfelf on oae 
fxde,^ and hereby form fpires fuuate in diffefeni 
planes^, , 

If land fnails happened to prod^ice a Jedgc 
like that found at their laft term of growtbt ^for 
the formauon of each quarter of a circamvolationt 
aqd that their external fibiies relaxing hereypon, 
they produced another quarter of a circymvolil* 
tion^ bent the fame way as the fornaer*, after 
which they produced a new ledge, and fo in a 
fucgeOion their fhell would be divided from fpaa 
to fpace, by a number of fuch ledges^ which 
would be a pretty orniiment to it, 'Tis f by a 
like artifice, that the Ihells of the feveral fpecid 
of fea fnails, which appear fo wonderftilly 
wrought, are formed, the working being only fo 
many little ledges of Ihell dilpofed at certain dit 
tauces, which yet beautified in fuch manDer, u 
if nature had been at the pains to carve it. 
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Thti * hdrns ftmnd on fdme fpecies ' of fhells; 
lire alfo produced by the fame mechanifm as 
:hc reft of the fhell, certain ftefliy'tuberdeis 
growing on the body of the filhes, which iri- 
tebic then!, ferve them as moulds $ and ao- 
txirding as more or fewer of thefe tubercles arc 
Termed, while the animal grows one circumvolu- 
tion, there are more or fewer of fuch horns in 
the fame circumvolution. They are hollow when 
thefe tubercles have remained on the body of the 
animal all its life-time ; partly hollow, iand partly 
iblid, when the fame- tubercles had be«i partly 
diffipated, and quite folid, when the tubercles 
bad been quite vaniJDhed during the animal's life. 

To the fame formation, and that of the ledges, 
-m^ are to afcribc much fmaller eminences, which 
from their figure, may be called prickles, ufu- 
ally found at the end of the terms of the fenfi- 
ble growth of thefe fhells, as may be obfcrved hi 

' The flutings found on the external furface of 
flielb, while their internal furfaces are perfcftly 
ftnooth, will not be lefs cafy to explain. It will 
fofficeto obferve, that the whole extremity of the 
furface of the animal's body is likewife fluted; 
and hence we may find the (hell likewife fluted 
in ks internal furface to fomedifl:ance from its 
extremity f; but in regard the refl: of the fut- 
iace of the animal's body is fmooth and fofc, the 
animal growing, and the part of its body not 
fluted, coming to correfpond to that of the (hell, 
which is what this part furniflies ; for the fhdl 
ferves to fill or flop the internal flutings, whence 
the (hell is only found fluted on its external fur- 
face, excepting only the firfl: lines of the bTea;dth 
of its internal one. 

• Fig. 14, 15. t Fig- 17* »8> 19* 

There 
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There * is a flat Tea (hcU» much like the kind 
called Si, James^ whole formation would havt 
appeared very difficult ; but fm what wc htvt 
fhewn of the formation of the flutings in other 
iliells, this fliell is hkewife fiutoi, but the two 
fides of each flute are little canals incioJcd on all 
fides wich fhells, and perforated from the vortex 
of the fheli to its extremity. Tis cafy to ftew 
how thefe little canals may be fornted, all re- 
quired being to conceii/e, that the firft cxtremitjf 
of the body of the fifii is deeply fluted, andtl^ 
reft of its body quite fmootb, and its fubftance 
too hard to enter the channel or fluting, formed 
by the extremity i fo that tiie reft of the body 
only produces a few kavesor Ihells, which areap* 
plied over this fluting^ without clofing it iniirely, 
but leaving a little canal fuch as above related* 

Before we come to explain tlie formauon of the 
cavity running along the flight of certain fpecid 
of IhellsLf between which and the body rherc is 
no communication, it may be neceflary to define 
wliac we mean by flight. To form a precifcidca 
thereof^ it mull be obfefvcd, that when the col- 
lar of the animal draws the feveral fpiral ctraiu- 
volutions of the fliell, that part of the extctr*al 
fur face nearefl: the r-Xis i[ winds about » forins 
Ipires, whofc diameter or width is lefs than ihac 
of the fpires defcribcd by the other paints of tlw? 
collar. Now that part of the fea^Jhell formed by 
tbelc fmallcr fpires, is called its flight; a tolerable 
notion whereof may be conceived fl'om th^ Rigk 
of a fl:air-cate. 

To unfold the my fiery of the formation of this 
cavity along the flight, it muft be firft obfrrvd, 
that the upper furface of the collar is convex, and 
the lower concave ; as is evident hence, that ti^ 



^ jwmt 
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firft is placed under the concavity of the ftiell^ 
and the fecond over its convexity : * now the up* 
per furfacc of the collar being always Itrft bare, 
by the growth of the animal, *tis this that forms 
the new ihell, and that part of the upper furface 
of thecollarj which traces the fmalleft fpires, is 
like wife that which produces the flight of the 
flielU imagine now the collar of the animal to 
Ipread and extend, in order to produce a new 
piece of fliell, and confequently a new piece of 
the flight, as the animal is twilled within its whole 
ihcll, we are to conceive at the fame time that 
a certain part of its body extends and winds a- 
bout a part of the flight it had not before reached 
to ^ this part thus applied to a new place of the 
flight is that where the Jower iut.ficc of the col* 
lar makes an angle with the upper. Now if we 
conceive this part of the animal to be neither 
crooked nor flexible enough, to mould itfelfper- 
feftly upon the part of the flight, it is new ap- 
plied on^ Vis evident a little void fpacc will be 
left between the flightj a part of the body of the 
animal, and a little piece of the old fliell found 
between this part of the body and the flight. The 
part of the body which contributes to inclofc 
this cavity* not being covered with fhetl, will 
yield a liquor proper to form one , and by the 
production of this new piece of Ihell, the little 
hole will be furrounded on all fides % and *tis ap- 
parent this fame hole mult run ail along the flight 
by reafon the Ihell cannot grow, but it muft be 
formed at the fame time. 

If the little part^ which helps to inclofc the 
hole, emits Ilore of liquor, the hole by this means 
will become quite fo!id, being ft:opped up by the 
new ftiell i this accordingly befalls fcveral new 

• Fig. 7. 

li ihcUs 
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IhcUsj whofe flights are much thicker thao it 
fecms they (hould be. 

If the curvity of th? flight diminifli enough m 
give the body of the animal room to mould k 
ft!f thereon^ after the ftidl has made a certain 
number of fpires, *tis evident no more hole mull 
be formed, and that what is already formed miitt 
be flopped towards its upper furfacc. This ac- 
cordingly adually befalls fnaits, which have at- 
tained their !aft degree of growth, or to whofc 
flieli the ledge is formed, as may be fccn in//* 
II, The little fhelJ there reprefentcd has a little 
ledge B B B^ and the hole which Ihould appear 
in E, were it not arrived at its period of groiitlit 
is ftopped up, by reafon of its arrival thereat. 
The fame thing txtfalls large fnails^ and the only 
reafon why we fee the holes E in /^. 7 and 8| 
upon the flight of their fhell is, that they had not 
attained their utmoft growth i otherwife thofc 
holes would have been covered over as inj^; tu 
When the collar draws the feveral fpires round i 
little cone, Ms evident a little conical fpace nwifl 
be left vacant in the middle of the fhcll-, that is, 
a little cavity will appear, round which all the 
fpires are placed. Several fpecies of fea*lhellf» 
as that of /i-, 1 2, and divcrfe kinds of land fnatls 
have fuch a CQnica] aperture. 

1 f the vfriex of the cone* round which the collar 
of the animal winds, beat the origin of the fliclVfi5 
evident this hole muft terminate inihepoincofthc 
ihell, which will clofe it here. Such is the hole 
pf the Ihail (hells above-mentioned, and thtt ol 
j^g, i2f which terminates where the ftiell comt 
men CCS \ but if the vert ex of the cone be bey 0*1^ 
the origin of the fhell, it muft be perforated 
througliout ; and after this manner are feveral 
fea*fliell3 formed, 

Lafily, 
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Laftly, if we fuppofe the collar of the animal 
;wift round a foHd of fome crooked figure, in lieu 
>f the cone above fuppofed, and the vertex' of 
:tus folid to be at the origin of the ihelj, 'tis like- 
nrife evident, that a hole will be formed! in the 
ibell of the figure of fuch folid. 

If the animal inhabiting fuch a fhell, form a 
:avity all along the flight thereof, fuch as we 
lave already repreienced on the (hells of targe 
^rden-fnails, this its ihell muft be perforated 
pvtth two feveral holes through its whole length, 
ind confequently will have twoobk>ngapertures*f 
wherewith the body of the animal has no commu- 
nication. 

Thefe two holes may fometimes alfo be ppo- 
juced after the fame manner as that running along 
the flight. To conceive this, we need only ima*- 
^tyt^ that the part which afterwards poflefl^s ihe 
place of that which has formed the hole, by reafoa 
It could not mould itfelf uppn the flight, that tb<t 
part' I &y of the animal's body that fuccecds this, 
cannot adapt itfelf ^xadly to the fhell it has pro- 
duced. 

A volume would hardly fufBc^ to relate all the 
Fcnaarkables in the figures of fliells, I have pre- 
fanbed myfelf narrower bounds, and the more 
willingly I do it,, as there is fcarce any thing ex- 
traordinary in them, whofe formation may not 
be reduced to fomcthing already laid down. 

An explanatiofi . of the JigureSj tranjlated hy 

J.M. 

Fig. 6. reprefents a (hell of a great garden 

fnail, broken in two diflferent places. The let-r 

ters AAA mark the circumvolution of the holes 

that have been made in it. . We (te thefe holes 

•Fig. 1;. 

li 2 flopped 
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(lopped by new pieces of fliell, placed imtnedt- 
atcly under the old one. It muft be obfcrved, 
that this newlhcU is not coloured like the old onC| 
that it has not alio ditferent little lines, which 
may be called fibres of the fliell, though impro- 
perly becaufe of their figure ; and thefc fibres are 
marked diltinftly upon the old one. 

Fig, 7, The letters AAA mark the circumf 
volution of an aperture made in the fliell* It is a 
piece of thin skin, which flops this aperture % it 
is paftcd to the inner furtace of the fhelK B re- 
prefents the new fhell, which has formed itfelf 
upon the furfacc of the skin which touched the 
body of the fnaih 

D D is the circumvolution of the aperture of 
the flitll, which is not turned back like that of 
of fig. 6. 

E marks by a prick'd line the aperture of t 
hole, which runs along the whole flight of the 
ftiell, quite to its fummit or point P, 

C C is one of the notable bounds of the growth 
of the Ihell We there fee the rays almoft inter- 
rupted, or faintly traced. 

fig. 8, is the jfhell of a great garden fnaiJ, of 
which the circumvolution of the aperture went 
juft to A, but broken according to the turn of 
this aperture, which is iiounded by the Ictten 
B C C C C C is a bit of thin skin, which here 
appears paftcd upon the outer furfacc of the flielt, 
but we muft aUb imagine it pafted upon the in- 
ner furface of the fame fliell j fo that it coven the 
whole edge of the flielK which is confequemlf 
contained between the two extremities of this piece 
of thin skin* E D D D Q^ mark the new Ibeli 
which has been produced ^ and feparated fit)(n 
the old one by the thicknefs of the skin upofl 
which it is applied* 
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Fig. 9. reprefents the (hell of a fmall fnail, 
newly come out of its egg. 

Fig. 10. is a fmall garden fnail, with 5 black 
or brown rays painted upon its fliell; the inter- 
vals between thefe rays are of a lemon colour. 
This fnail appears divefted of a part of its Ihell, 
which went before to AAA, and is at prefent 
terminated in B B, which was done on purpofe to 
Ihew the collar of this fnail, which is alfo marked 
with 5 rays C C C C C of a brown colour, but 
not fo deep as that of the Ihell ; the origin of thefe 
rays is at fome little diftance irom the extremity 
of the collar ; and they ufually are but a line or 
two in length. The fpace between thefe rays, 
and that which is between the neareft extremity 
to the edge of the collar, and that edge of the 
collar A A is of a much brighter colour than that 
of the rays, and alfo more brown than that of the 
reft of the skin, which is from the extremity of 
the rays C C C C C the moft diftant from AAA, 
quite to the fummit P of the IhelL 

The edge AAA of the collar of the animal is 
of a brownifli colour. 

Ffg. II. is alfo a ftriped fhell, with only 3 
rays. There have two holes been made in this 
Ihell, of which the fartheft from the collar is 
marked A, and the neareft DCC. The fhell 
which was formed to ftop the hole A, is of a 
different colour from the rays and their intervals. 
But that which ftopped the hole DCC is of the 
fame colour with the old one 5 fo that the black 
rays are continued in C C, and D is of a lemon 
colour. This laft hole however is here painted 
not quite fo near the edge of the (hell as it fhoulcj 
be. 

B B B mark the return of this (hell, which 

was arrived at its hft degree of growth. This 

3 return 
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return is of a brovrn colour i it has alfo been 
feen (In fig. lo*) that the extremity of the edge 
of the collar is brown. The origin of the rays of 
the (hell is not at this return, as the origin of [k 
rays of the collar is not at the extremity of this 
collar. 

E marks the (hell, which then ftops the cavity 
along the flight. 

Fig, 1%. reprefents a (hell, called h Veuve \ it 
js marked with different black fpots, of irregular 
figures, and placed irregularly on a white ground* 

At A there is a hole, which goesjuft to the 
fummit of the fhelh This hole is formed very 
differently from that of^, 7 and 12. 

Fig. 13. is a fpecies otturhnilesy upon which 
appear different little fquares^ of a: red colour, 
dilpofed in a pretty regular proportion. 

Fig. 14. is the feftion of a Ihell^ where the 
tail of the animal has been obliged to abandon 
the firft turns, becaufe :hey are grown quite folid* 
The letters A A A A A A mark the fpaces, which 
at firft were occupied by the body of the animal, 
and afterwards filled up. It (hews alfo that part 
of the fpace EB is become folid, njcnelythat 
which is marked E, the body of the animal oc- 
cupied only the fpaces B B, D D D D, &€. 

CC C C are thofe eminences of Ihells, which 
I have called horns, or fcftions of thofe emi- 
nences. 

Fig. 15. is the tranfverfe f^ftion of a fhell» 
which after having made a certain number of 
fpiral turns in CCCC one way, turns back 
again in D DD. 

A A are two holes, which are in the whole 
length of the fliell, with which the body of the 
animal docs nor communicate* which occupies 
the fpaces B B B, fe?r. 

C C C are eminences, or liitle horns, Ftg. 
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Fig. 1 6. is a fpecies of turhiniies^ which ftems 
very aitificially wrought. This ornament comes 
from different returns, fuch as the hft A A A 
difpofcd from fpace to fpace. 

Fig. 17. has alfo fevcral returns like the pre- 
ceding- But we may alfo obfervej that each of 
thefe returns is fluted, 

B B is the inner furface of the Ihell, which is 
ftnooth, tho* the returns are fluted. 

Fig. 18, is a fhell with the outer furface fluted, 
tho* the inner furface is fmooth. 

CC, C C Q D D D are 3 bounds of very 
Jcnfible growths, the laft of which D D D D is 
adorned with feveral little eminences, which I 
have called points, becaufe of therr figure. 

Fig. 19, is alfo a finttd fhell, but it has this 
fingukrity,* that each of the ribs of the fiatings 
are ihemfclves little canals i that is, there rcmairi 
void fpaces in the middle of thefe ribs through 
their whole length \ and thefe holes are furrounded 
with (hell in fuch a manner, that the body of the 
animal docs not enter within* We have opened 
CMieof thefe canals marked B, DD, A A, CC. 
It appears, that the inner furface D D, which is 
applied to the body of the animal, is terminated 
^in A A, that is, thefe long holes are not fliut up 
^■om A A to the extremity C C, into which the 
^^fcdy of the animal enters. 

^ XIL CmjeBure^ and RefeBiom upon the 

matier of lights orjire^ by M. l^tm^r^yjun^ 

tranjlaied by Mr, Chambers. 

The matter of fire is the ift, and moft pow- 

trful difiblvant of terreftial bodies, we having no 

odier that penetrates fo deep, and disjoins the 

component principles fo compleatly ; it is to this 

matter the chymift is indebted for the fecrets he 

* Nov. 13, 170^, " ex- 
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extorts from nature which he would never reveal 
unleff^ forced, and as it were tortured by fo aSive 
' a diffQ]vant>* ■ Now a matter whicli con- 
tributes fo much to our knowledge of other bodies, 
docs certainly defcrve to be itlelf ftudied in its 
turn. 

It is allowed to be the real principle of heat, 
light, and even of the fluidity or fofion of fcveral 
terreftrial bodies, which, without the mixture 
and action of this matter would always renfiain ici 
a folid form ; but as it is not always found in 
fufficient plenty, or meets with bodies which 
make too much refiftance, we fometimes fiod, 
that inllcad of liquifying or keeping them in 
their former fluidity, it cDgages itfelf in them, 
and becomes inclofcd in fuch a manner as to re- 
main imprifoned, and to need fome extern^ 
caufe to come to Its afliftance, and open the celk 
on the oucfide, wherein it was retained. 

There are 2 remarkable circumftances in this 
imprifoned matter i the firfl:. That it fometiirtci 
makes a fenfible increafe in the weight of the 
body it is contained in; and the 2d, That it re- 
tains all its peculiar properties during the wholt 
time of fuch captivity, whereof it gives evident 
proofs, when ever occafion is given it, of break* 
ing loofe from its conEnemenc, and making mi 
efftft upon fome other body. 

Every body will not allow of what I here at* 
mbutc to the matter of fire, it is even altedgedj 
that fuch dcKSrine is repugnant to our idea of 
what conftitiites the proper nature of this matter, 
and yet \i is fupported by fo many and folid ex- 
periments; that feveral chymifts of the firft clafei 

' have been obliged to adopt it, To kt it ifJ 

a further light, and have the more pretence for 
applying it to certain p&mwmma^ which I prcn 

pofc 
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t)6(e to accoDFic for in this memoir, and fomc 
ethers, I ifhall relate the experiments it is ground- 
ed upon, and arifwer fuch objedtions as arc 
brought againft it ; . objeftbns, which, notwith- 
ftanding all the verifimilitude given it by experi* 
ments, are of force fufHcient to bring its truth id 
qucftion. 

Every body knows, that feveral metalline bo- 
dies when expofed to the fire, as regului of anti- 
Oiony, lead, tin; and even rtiercury ; notwith- 
ftanding that they loofe a great deal of their own 
fubftance, which flics into the air during the ope- 
rktion, are fo far from weighing lels than they 
did before^ which one would naturally exped, 
that they weigh a great deal more. Now, the 
ttueftion is, whence this augmentation of weight 
fliould arife ? And whether the fire, which reduces 
thefe bodies into the calcined ftate we fee them do 
hot likewife give thcni this additional weight ? 

It may perhaps be anfwered. That this aug- 
inendition of weights arifes fi"oni^the acids of the 
^(Kx)d, or coals. Which are introduced into thefe 
bodies, by means of the fire, and remain in 
them, when the particles of fire are gone off.* ■■ 
But it Is difficult to conceive, how a fufficient 
Quantity of thefe acids fhould arrive at a calcined 
body to produce an augmentation, which, as M. 
Homier^ obferves, fometimes amount^ to i^ th 
part of the whole, it is certain ere they reach the 
body estpofcd to the fire, they miift pa6 through 
the ^efiel wherein the matter is contained ; and 
tet the veflcls ufed in thefe operations are fuch z^ 
wilt hold the mod violent acids, without letting 
theth elcape thro* their pores ; if therefore fonic 
Mids of wood fiiid means to pafs along with the 
(NUtidfiS of the fire, thro* the pores above-men- 
tiooed^ ftt the difficulty of pafling is liich, as to' 

V0L.IILm.31. Kk make 
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make their number very fmall ; fo that much ths 
greateft part of the acids muft be flopped, and re* 
taincd by the particles of the veffcl irfclf^ which 
is ufually of a namre difpofcd lo abforb them j 
the matter of fire, on the contrary^ paffing 
freely and plentifully through all kinds of veffehi 
muft be allowed much fitter to make this aug*- 
mentation, which being very conCderabH will 
itjppofe a copious caiife, fuch as fire alone can fiir- 
nifti i but what proves the point ftili more fulJy 
is, that upon expofing thefc bodies to the fun*s 
rays collefted by a burning-glafs, their weight is 
no lefs increafed than if they had been expoled to 
a common fire: now in this cafe all acids of 
wood, and coals, are effeiflually precluded ; and 
whatever fuppofition we go upon, it will be 
equally difficult to exclude the fire from its fiisrt 
in this fhd:nomenm. 

But befides proving that the matter of fire in- 
finuaces itfelf into certain bodies, and augmenDi 
their weight, it muft like wife be fhewn, that 
this matter in being thus repofired in bodies, al- 
ters not its nature, but retains all the particular 

propenies which conftitute it matter of fire. 

The proof of this fecond anicle will be a confir- 
mation of the firft ', for if what is introduced into 
the bodies during their calcination, be the real 
matter of fire, when we conceive, that this mat* 
ter engages itfelf, and rcfidcs therein, with all its 
native properties, it will be eafily allowed, thai 
the augmentation of weight arifes chiefly there- 
from. 

Now the matter of fire retained in mctairme 
bodies, is ktpt too clofe to be able to manifeft it- 
felf by any of the fenfibie figns, which ihould 
make it known, and diftinguifh it from othcf 
matters; the rcafon is, that to become perceive- 

ablc, 
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abk» it muft force its prifon doors, and make an 
attack upon fomc other body ; buc the cells it is 
repolited in, are fo ftrong» and folid, that no- 
thing lefs than a fire of fufion will fufficeio break 
them, and difengage the fiery particles contained 
n them. 

It is otherwife with thofe which had infinuated 
into ftony or faline bodies, by means of calcina*^ 
tioni for thefc bodies being of a laxer texture, 
water alone fufiiccs ro make them a paffage out 5 
for that by impinging agaiaft the particles of 
thofe bodies, it not only deftroys the union, but 
reduces them into a fine powder, capable of being 
fuftained in the fluid : thus the reafon why limct^ 
water for inftance is a drier, and abforbcnt, is 
owing to the ftony particles it is replete with, and 
if lime fteeped in water be unfit for the ufes of 
building, it is by reafon its particles having beerk 
much attenuated by the fluid, unite again fo inti* 
mately as to form one compact and durable 
mafsp 

As water therefore difunites the particles of 
faline and ftony bodies when calcined, and grinds 
rhem fo very fmal), if there be any matter of 
fire lockM up between the particles thereof, it 
muft efcape by means of this difuoion 5 and this it 
does accordingly, throwing itfclf into the aqueous 
fluid which had delivered it, and which becomes 
more or lels heated thereby^ in proportion tq the 
quantity of this matter. 

Another remarkable effeft is obfcrved in fome 
of ihcfe bodies ^ viz. That making a very ample 
provifion of the matter of fire, and being liable 
10 Jet it loo(e again upon the Qendereft occafion^ 
when they are applied upon an animal body, the 
fiery particles which iffue from them, and infinaate 

tQ the texture of the part, burn, and i^^ke aa 
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cfchaf differing only in degree from that produced 
by a live coal» or a hoc iron. 

The eaGnefs for the accounting for the effcfts 
abore-menuonedj on the fuppofuion of particles 
of fire latent m fuch bodies, is a violent prc- 
fumption in favour of the hyporhcfis j bm whal 
renders it inconteftable is^ the manner wherein 
calcined bodies bcconae dirpofed for fuch effefts, 
which is in confequence of their being expoJcd to 

the matter of fire Add to this^ that the 

p operties they acquire hereby, are the fame as 
thofe of natural fire ; and that none of thcfe ef 
fefts are unaccountable for, without any tolerable 
latisfa(5tion upon any other footing. 

For to take a particular inftanccj when lime 
caft in water turns that liquid hot^ and makes it 
boil as fire would do, fiiall this cffr£t be attri- 
buted to any fermentative particles contaifted in 
the lime, and brought into aft ion by the fire J 
With what ground can this be done, when we 
find nothing in lime but a pure earth, ft ripped of 
all fahs, the fire feeming to have expelled all 
ojher matters to make room for itfcif ? And how 
fliouid a pure earth, when fteepcd in water, be 
able to heat it ? But the particles of fire, fay they, 
are only fuch, by reafon of the rapid motion they 
are agitated with. Now fuppofing them engaged 
in the texture of grofs bodies, they muft quickly 
loofe their motion, and confequcntly ceafe to be 
firr, and thus become incapable of the effcds at- 
tributed to them* fo that fome other caufc molt 
be had recourfe to, 

I anfwer, that the qnatter ®f fire mull be confi- 
dered as a (laid of a certain nature, and endued 
with properties peculiar to it, which diftinpifii 
it Irom all other fluids. Now I agree, that tbcfc 
pmperjics depend on the rapid motion of the ptr- 
-/.i'' tides 
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J:ides of this fluid j but conceive withal, that the 
gure of each of thefe particles muft be taken intq 
;he account: be this at it will^ when this fluid 
appens to be detained in the texture of any grofs 

dies, its conditicni I fuppofe, is no woric 
an that of other fluidsj and confeqtienily muft 
have the fame fate : now water is hkewife a liquid, 
whofe fluidity, as Avail hereafter be IhewHj de- 
pends upon the matter of fire, and confequendy 
whofe fluidity muft be much fliprtof that of fire ; 
and yet we fee water daiJy inclofcd in numerous 
|>odies without loofmg its fluidity, or any of the 
properties which cha rafter ize it j fo that upori 
bringing it forth, we find it the fame matter as 
before i and much more muft the matter in que- 
ftioD, when in the fame circgmftances, retain its 
nature^ and be found upon its enlargement with 
die hmc properties as before. 

But it will be replied, that the buflnefs here is 
not about a comparifon, but to fiicw how the 
particles of fire detained m a grofs body can pre- 
ferve their motion. This we fliall confider accord- 
ingly> after fir ft difpatching the following difii- 
culty, the anfwer to which will naturally lead to 
that folution. 

'Tis eafy to conceive how a groft fluid, whofe 
particles are in a moderate agitation, ftiould be 
retained in the texture of a folid body 5 but it is 
icarce conceivable, but that a matter fo fubtil and 
a&ive as fire, ftiould not find fome paffage out of 
che b(^ics it has been introduced into, or fliould 
not even make itfelf a paflage by the rapidity of 
its motion. 

1 anfwer, that as to what regards the a6tivity of 
the matter of fire, it is certainly very greats and 
that when this matter i$ in a fuificient quantity to 

fur- 
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armount the refiftance of a folld body, it makes 
\%i% way thro* by breaking the continuity of in 
I parts ; but it is not always that ir is in quantity 
lufficient for this purpofe \ in which cafe its force 
{being inferior, or only equal to the refiftance of 
I the folid body k is inclofed in, all its adivity 
land efforts remain ufelefs, unlefs they be affifted 
|l)y fome^ foreign caufe afting on the out fide. 

As to the fubtilty of the particles of this mat- 
fcter, it muft be allowed very confiderably ; but 
ihe queftion will be. Whether the pores of the 
cells they are inclofed in may not be ft ill fmaller? 
hAs we have no microfcope fine enough, nor any 
Tneafure cxaft enough to decide thiis point, and 
there being withal no inconvenience in llippofing 
the pores above-mentioned fmaller than the parti- 
cles of fire, I inclined to this fuppofition, by rea- 
fon of the ftrong arguments we have, that the 
matter of fire is a^flually retained in the texture of 
feveral bodies. 

Nor do I pretend^ that the pores thro* which 
the particles of fire cannot pafs, ihouM be im- 
penetrable to all other kinds of matter, for how 
fmall foever thefe particles be, I can conceive 
orhers loo times fm:i!ler, which cancafily pervade 
all pores, and whofe office may perhaps be to fill 
the vacuities of the univerfe % but notwithflanding 
that their fmallnefs fiirpafies that of fire, I do not 
apprehend them fo proper to produce the efFctls 
here treated oflF, as the matter of fire My 



reafon is, that one of the chief properties of fire 
is to difiblvd and liquify terrcftrial bodies, which 
it effcfts by dividing and difuniting the particles, 
and giving each the nccefiary motion to conftitute 
it a fluid \ but the fubtii matter above-mentioned^ 
finds fo open a paflage thro* all bodies, that it cf- 
capcs on every fide without making fo ftrong an 
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imprcfllon on thofe bodies as we find from the 

matter of fire, which being lefs fubtil than the 

former, and confequently unable to purfue the 

Jfame roads, is forced to break the obftacl^ in 

way, and thus deftroy the natural texture of 

he bodies ; this rea foiling might be confimed by 

veral fenfible h&s^ of which, the following is 

^nc : if a net be fpread in the ftream of a river^ 

,e particles of water finding an cafy paftage thro* 

c holes or mafhes thereof, wiJ] do it no damage ^ 

ut if a body come which is too bulky topafs thro* 

ofe mafhes, it muft either be Itopped thereby* 

r break the net; and the lame befalls the matter 

f light, which, according co its quantity and 

ength, is either detained in bodies, or di0blves 

[them. 

Now to conceive without the help of any com- 

arifoD, how the matter of fire incloled in the 

ells of a folid body, (hould be able to preferve 

Its motion, we need only obferve, that there is a 

ore fubtil matter continually pervading the pores 

f thefe cells, and which of conlcquencc muft 

keep up the agitation of the particles refiding 

therein. 

M, Saurin has flicwn, that we may fafely 
affirm, that the proper matter, even of the moft 
folid and heavy bodies, does hardly make the 
100,000th part of their bulk* Now, though 
we fliould abate a good deal of this fuppofition, 
yet there would It ill be room enough in the moft 
folid bodies to give pafiage, or even lodging, to 
a large quantity of foreign matter, in which calc 
the fubtile matter abovcmcntioncd, paffing more 
copioufly than can well be imagined, the fiery 
particles^ notwithftanding their imprifonment, will 
not want caufes fufficient to maintain their fluidity 
and motbn. 

In 
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in efFcft, tho* it Ihould be gntntcd, that the 
panicles of fire engaged in a folid body, could 
not always preferve their motion therein ^ it #oul(i 
not follow hence, that they muft loofe their pro- 
per nature of fire % for it is not only to the rapi- 
dity of their motion , but alfo ro their figure, and 
their fmaJInefs, that their peculiar properties arc 
owing: thus the particles of water art: at reft 
when frozen *, and yet no body will fay, that they 
are cflen tial I y different now, from what they were 
before. Once we find the leaft agitation, or the 
fmalleft degree of hear, enables them again to 
produce effcfts which they had ftjll remained fit 
for by their peculiar figure^ and whereof no other 
body, though expbfed to the lame heat, would 
ever be capable. 

We likewife know^ that fait is the matter of 
taftes, and has certain properties arifing from the 
peculiar figure of its parts, lind yet it only afts 
when diffolved ; or which amounts to the fame; 
when it floats in a fluid, which keeps its particirs 
in motion. Now will any one all edge, that fair, 
when undifTolved, is not the matter of taftes, nor 
has the fpecial properties which characterized 
fait? This can never be faid while its particles re- 
tain their eflentia! figure, ths chief Iburce of theft 
properties. 

Hence, tho* it were true, that the retention of 
particles of fire in a folid body, fbmedmes robbed 
them of their motion, they would only be in tfe 
cafe of frozen water, or (olid falts and might 
be reftored to their former cffcds by rccoircring 
their motion* 

It may perhaps be demanded, why the matter 
of fire, which had penetrated into a foUd body^ 
Ihould not be able to get out again without the 
help of a foreign caufe to facilitate hs cfcapr, the 

paf^ges 
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pafiigcs having been open enough to let it in, can- 
not be too narrow for its txit. 

I aiifwer, th.^t while the body is expofed to the 
fire, its pores are opened, and dilated, and ft- 
vera] of the fiery particles which are continually 
entering it» go out again with the fame liberty fo 
long as the dilatation of the pores remains 1 bdc 
when [he fireceafes to aft, the caufe of this dila- 
tation ccafing Ukewife^ the particles of the body 
which before had been fwelledj do now flirink, ■ 
and their pores return to their fir ft ftatc ; upon 
which the particles of fire which had infinuated 
into the cclJs of fuch body, are now utterly fhot 
up» beyond a pofTibility of efcaping, till fomc 
Dew dilatation of the pores, or a fijfion of the 
body fet them free, 

*Tis no wonder, that bodies, which, by their 
calcination have ftorcd up a large quantity of 
fire, (hould not afford any fcnfe of heat upon 
touching ; for as the particles of fire inclofed with- 
in thcnij cannot reach the hand, which is only 
applied on their furface, the cfFcft will be the 
£ime, as if they had no fire at all i as we find 
that fait is only fenfible to the tafte> when it is dif- 
engaged enough from all other bodies, to make 
an immediate impreffion upon the organ of vhat 
feiife : and hence if a body newly taken from the 
fire, give a vehement fenfe of heatj this is not 
owing to the particles of fire imprifoned in it, 
but to thofe which have found paffiiges open 
enough to let them out : for we may fuppofe 
two kinds of pores, fome which are naturally big 
enough to give freepaflage to the matter of fire at 
all times, and others which only afford ir^ when 
dilated by heat. 

Laftly, it may be further aiked, why the mat- 
ter of fire incloled in falinc and ftony bt>dics^ does 
Vol. HI, N^. 31. LI mi 
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not breuk the texture of the pans> which oppofe 
its efaipe, fince we find water do ic, which yet 
is incoinparably kfs adive than fire, 

I anfwer, chat if the quantiiy of matter in fira 
contained in time, were as great as that of water 
poured on ir, it would prob;ibIy need no foreign 
aiTiihince to gtrt forth ; but notwiibftandiog all 
its adivity^ its qu;intky may be found fo ffnall* 
€ornpared to that ufwateri thu the particles of 
water fli-ill be more efil^ftual than thofc of fire. 
Now *cis evident, that the fire procured from the 
bodies above-mentioned, is much Icis io quantity 
than the water ufcd to prCKure them. 

Further as 10 fixed alcali falls, which lilccwife 
contain particles of fire ; water, ^tiii known* dif- 
folves them with furprizlng quicknefs, and fire 
itfcif would hardly be able to bring them fooncr 
to fufion. If thtn water make fo perfeft a dif* 
union on the particles of thefe fairs, it v^ill hereby 
alFord a free paflage to the matter of fire re- 
tained among thole particles j and if nothing than 
a fire of fufion ftifiice to prove the famedifunioo 
in thcfe faks, the matter of fire contained therein, 
being in much lefs quantity, and confequendy 
much lefs powerful than that of a fire of fufioo, 
'tis evident on this occafioo it muft a6l Jels efifec- 
tually thin water 1 nor muft we fuppofe, thatth: 
liquid thus poured upon lime and alcaly falts^ doc$ 
alone open a palTage for the matter of fire, bit 
there being all the room imaginable to fuppoic, 
that this matter ftil! retains its motion wichin 
the bodies, we conclude, that 'tis continually at 
work in its prifon to force a way thro* the fame * 
and that if it prove unable, notwithllanding all iti 
e0x>rts, to make its efcape, without an extraneous 
*aid, yet it contributes confiderably, and tacilitates 
ihc clit^ of this aid. 

The 
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The fun only feems a vaft fund of tlie matter of 
ircj or if you had rather, a huge flime of the 
fame effential nature as ours^ fince we find, thiu 
both the one and the other produce the very 
fame effc6ls j but this luminary being at a great 
diftance from us> can only aft on terr eft rial bo* 
dies, in 2 manners, viz. either by emanations 
and effluxes of his fubftance, emitted from thence 
to us J an hypothcfis liable to fever al difficulties, 
and inadequate to certain of the plia;nomena, or 
by trains of the matter of this fire diffufcd thro* 
all the intervals of the fluid mals^ between the 
fun and u% which trains come to aft upon lerre- 
flrial bodies, when prefied or impelled towards 

them by the prefence of the fun.^ ^Each 

train may he confidered as a little fun continued, 
but ftill depending upon the large onc^ which is 
the foarce of their motion or aft ion, upon terre- 
itrial bodiei. 

Thele trains which form the luminous rays, 
and are immediate agents of light, do not diOxsr 
as to the matter from that of the fun itfclf» as we 
find by certain experience : hence as the fun is a 
flame which produces the fame effbfts as a culi- 
nary flame, we may infer the manner of its afting 
upon terreftrial bodies, from that wherein our 
flame is found to aft : now we know, that upon 
plunging one of the abovementioned bodies in a 
common iiime, 'tis the proper matter thereof^ 
without any foreign afiiitance, that penetrates, 
ieats, and modifies them according to their pecu- 
|ar nature i and when the fame bodies are pre- 
pnted to the fire without touching the flnmei the 
iprefnons they receive therefrom, are tflentially 
lame as thofe, which the 0.ime, if immediately 
>pHed thereon, would have produced : the only 
Sffcrencc is, as to more and lefs, fo th,^t a body 
L 1 2. afted 



^fted on immediately by a little flatiK, will be 
- heated ^ and alcertd after the iame manner, a* if 
pbted at a confiderable diftance liom a large 
flame. 

All this gives a fufficient indication* that ihe 

matter of fire or light, interpofed between the 

flame and m^ is of the fame nature as the flame 

kfelf ; and why then fhould the luminous rays^ 

which tranfmit the aftion of the fim to us, and 

fecm only to be continuations thereof, be of a 

(different matter from the fun's body? In effcft, 

^hen colle<5tt"d by means of a burning glafs, tlicy 

4ft with an equal or even more vigour, upon ler- 

reft rial bodies, than the moft violent flame could 

do, if innmediately applied on the fame b jdics ; 

aproof not only that the matter of thefe rays is 

the fame as that of the flame; but alio, thai tk 

flame conOfts in a colkftion of a vaft quantity of 

the matter of light., which afts the more forcib^) 

as it is more- copious, and collected clofer. On 

this footing, the fun only feems to difitrfrom 

the rays of light, colicfted by a burning-glafe; 

in this, that the matter of light being there much 

more copious, and more coltefted than it is in 

the r^y^, would a<ft more readily and forcibly 

upon bodies immediately applied thereto. 

The vehement aftion of the rays united by a 
burning glaft, (hews, that the fluid, which in their 
natural ilate feparates and extends them, docs i 
Ukewife ferve to moderate this a£tion» and itn- ■ 
der it more fupportable *, for without fuch me- ^ 
digm^ inltead of enlightening and exciting a gen* 
tie warmth, they would contiime all bodies, and ■ 
even deRroy the organ of fight. To explain this 
by a fenfible comparifon, the air is that to the 
niys of light, which water is to the parades 
fire» in a Balneum MarU^ the rays being tfiio 
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pered in their pafl**ige thro* the air, as the fire is 
in its pafljge thro' the water ; or the rays of light 
might be compared to corofive fpirifs, which tear 
and lacerate when they are pure^ but produce an 
agreeable fliarpncis when diluted widi a fufficient 
fjasntity of fomc oth^r fluid. ' " ** 

The matter of fire driven by the fun upon ter- 
reftrial bodies, modifies them diftereurly accord- 
ing to thrir refpeftive natures i fome it cafily puts 
and preferve* in a ft a re of fufion, and furh are the 
particles of water, which originally are foUdj and 
owe all their fluidity to the a^ion of the nrnttcr 
of fire lodged amongft them ; this we prove hence, 
that their fluidity remains while the fun deter- 
niines a fuflicient quantity of this maacr, to con- 
vey his aftion upon terreftrial bodies; but in 
thofe feafons when he only fends a little, fucli 
Jitde being infufiicie n to maintain the fuGon of 
thefe particles, they relapfe into their firft ftate of 
iminobiliry, from whence they recover, prefenr* 
ing them to the firej or which amounts to the 
fame ; and the fun begins to Ihed a greater quan* 
tity of the matter of fire upon terreftrial bo- 
diet. ' 

From what has been fa id, we learn, ift, that 
ice is only a reftdration of the particles of water into 
their natural ftate ; 2dly, that the bare abfence of 
the matter of fire fuffices to cfFeft this reftoration ; 
and jdly, that the fluidity of water is a real fulion 
like th;it of metals expofcd to the fire, only dif* 
fcring from it in this, that metals require a large 
quanuty of particles of fire to liquify and lupport 
them in a ftate of Uquification^ whereas the parti- 
cles of water fcldom receive fo little fire, as to aU 
low them to refume tl^ir natural folidlty. 

Another effcft of ihc matter of fire Died upon 
lerreftfial bodies is, to engage itfelf in certain 
♦ com- 
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compofuions of fair, earthj water, (Sc, together 
with them to fornn oils, fats, and in fine all inflani- 
Eble bodies, which onJy become luch by the great 
quantity of pa^rticles of fire lodged in them, 
What leads me to this fenttmcnt is, that upon de- 
compounding thefe bodies, they turn intircJy 
into fajt, earthy water, and a fine fubftancc, 
which pafiTes thro* the clofeft veflels, and maugrc 
all the care of the bcft anift, fpends itfcif in fuffi- 
cient quantity to produce a confiderable diminu* 
lion in the weight of what remains, 

*Tis certain* diat fak, earth and water^ whether 
"luniEed together, or fep^rated, never become in- 
flammable, but even utuaily hinder, or retard the 
inEammabiJity of bodies, which naturally have that 
properly •, it may even be alTerted, that the efifc£l 
of thefe principles in the compofition of inflatn- 
mable bcxlits, is only to flop and arreft the mat* 
ter of light or flame, which never rifcs into the 
flir under this form, except when the inflammable 
tody having been firft expofed to the fire, that 
agent has broke the cells thereof, and givi 
room for the. inclofed matter to fly off. 

''Tis the real matter therefore of fire or fiame» 
which Ilea Is from tlie artift in the analyjit of in- 
flammable bodies, all that remains of thofe bo- 
dies after the decompolkion^ being the materialt 
whereof the cells were formed, in which this 
matter was retained ; it will be eafily allowed, 
that this matter^ when free and left to itfclf^ mnft 
pervade the clofeft reffels, when we confider that 
there is no veflcl but what the fire wiil readily pc- 
iierrate^ foas to heat a fluid contained in it ; and 
as to the caufe of inflammability, experience 
fhewing us, that fak, earth, and water, in what- 
ever circumftancc is founds never becomes inflam* 

mable \ 
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mable-, to what can we more probably attritaite 
the effeft abovcmentionedj thafi to the matter of 
fire, which, as already proved , forms the flame, 
and gives it all its proper tits. 

Nor need we be furprifed^ thnt calcined me- 
tals, and ail bodies in general, which have pro- 
cured a ftock of hght by calcination, do not 
kindle by the fire as oiJs do ; for to make a body 
kindle fo as to be perceived, the luminous fub- 
ftance iflTuing continually from it, muft be copi- 
ous enough, and form a mafs fufficiently firm to 
prefs the matter of light diftufed thro* the air vi- 
goroufly, and on all fides, fo that the particles of 
this matter ftriking each other fuccelTively, and 
according to the direft determination commiini-^ 
cated to them, do hereby tranfmit the preffions of 
the Bame, to a diftaoce greater or lefs*, but when 
only little partkles of luminous fubftance, are 
diiVufed from folid bodies, they prefently become 
fo darkened by the air around them, as to be dif- 
abled from making preffions efficacious, and ex- 
tended enough J to become fenfiblc to the eye. 

Upon the whole we conceive, that the matter 
of light lodged in inflammable bodies, expolcd to 
the fires, iflu^s out every moment in much greater 
quantity, than the fame matter lodged in calcined 
metals ^ whether it be that fuch metals contain 
lets of this matter than the oils, or whether having 
a defer texture of parts, they do not allow it ib 
free cgrefs ^ but at each effort of the agent whicli 
obliges them to let go, they let only fmall parcels 
exhale, incablcof fcnfibly aff'efting the eye. 

This reafoning perfeftly agrees with a known 
faft* which is, that upon expofing very inflam- 
mable bodie$,jas paper or ftraw, to a toofmall fire, 
they fometimes confume intirely without cafting 
any flame, by reafon the external agent teing 

too 
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too weak to expel a great quaciity of the matter 
lodged in fome bodies all at once^ this whole 
matter Bics off fucceffivc in little invifible poniona, 
anfwerable to the force which procures them de- 
liverance. 

We might here take occa^on to account for le- 
vtral curious ph^nomena^ wherein this fj^ftcm of 
imprlfoncd fire per+edtly quadrates* and whJch 
are even fo naturjlly dcducible hcrefram^ that 
each phanomemn fecms a kind of proof of the 
truth thereof. Howpredfely, for inftance, docs 
the matter of light feem to agree with tHe pbafpbm^ 
both natural and artificial ^ end to thofe violent 
fermentations accompanied with flame, which the 
oyls ufcd in fuch experiments^ are obliged to ex- 
hale, when penetrated by nitrons^ or vitriolic 
acids ? But were I to enter into a precifc dietail 
of all the experiments of this kind, and the par-, 
ticular circumftances which accompany each^ I 
fliould go tar beyond the bound prefcribed for this 
paper, and incroach on the fubjeft of future 
ones. 

I (hall only here obferve, that all phsfphori in 
general may be confidcred as a kind of fpunge*, 
filled with the matter of light, which is fo fceWT 
retained therein, as to need but very lirtle extmiit 
help to become capable of exhaling under z te- 
rn inous form, and even of burning and fcrcring On 
fire fuch bodies as come in its way* 

It follows from the whole, that if the fun foeta 
to be a kind of large receptacle, or fund of tbo 
matter of fire, wc have an infiniie mimbcr of 
petty receptacles in inflammable bodies, which fccm 
to have been formed to fopply the want of the 
fun ; in efteft the prefer} ce of fire being indifpcfj- 
fibly neceffary to light and hear, and the great 
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i^mtnary not being always in our hemiiphere) 
but. retiring to a great diftance from us in certain 
{fisifom^ or which amounts to the fame, only de- 
termining a little quantity of the matter of ligh£ 
upon terreftrial bodies, we find a happy fubfti- 
tute in the bofqm of the earth, whereby to remove 
all the evils,, into which the abfence or diftance of 
the'^iiin would unavoidably throw us ; I mean, a 
fufficient quantity of the matter of light, to form 
a fort of. little funs, which warm and illuminate 
as well as the great one. 

XIII. On the evaporation of fluids in cold 
tteathery with remarks on flnne effedts of 
the froftsy by M. GdMttvoUy of the royal 
academy ^Montpellier 5 tranjlated by Mr. 
Chambers. 

We ufually conlider the evaporation of fluids' 
as. an effeft of the heat, or motion of the am- 
bient air, and it will appear furprizing, that a 
quite oppolitc caufe ihould produce the fame ef- 
feftV J and that a fluid Ihould lofe more of its 
j^rts in the.fevereft froft, than while the ^ir is; 

in ^a temperate ftate, — Yet this is what f* 

fouiid in the great frbft of this winter. 

^ I have even obfcrvcd, that the greater the coldF 

is, the greater has the evaporation been, and that 

ifce itfelf loft conGderably, as much in propor- 

tidn as the fluids which withftood the froft. 

^ It began to freeze at Montpellier^ oft the 12th 

of Decefnb^r^ 1708, the wind being at north, 

^ from north-eaft, and the common thcrmome^ 

t^rs ftanding at 10^, and ^hat of M. Amontonft 

^? ^bc 53^ : At 6 o^clock this evening, I expofed 

4n ounce of common water, in a china cup, td' 

DC /froze', which was doiie accordingly before 

Vol. III. N<^. ji. M m' morning, 
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mornings and weighing it at 8 a-clock the next 
day, I found that the water in freezing had loft 
24 grains of its weight. This diminution was 
very real, fince^ upon melting the ice» tht wa* 
ter was found to have loft 12 grains more, not* 
withftanding all our precaution to prevent any fe* 
cond evaporation* The lame experiment re- 
peated feveral diys running, gave me much the 
lame thing 1 with this difference, that the evapo- 
ration was much greater in a ftormy night, or 
when the wind was ftrong. 

The thaw enfuing thereon, prevented the fur- 
ther profecuting ot my experiments ; but it tak- 
ing certainly again to froft on the night between 
the 6th and 7Eh of January^ I took occafion to 
make the following ones. 

For on the night between the 7th and 8th, I 
expofed common water, brandy, oiJ of olivd, 
oil of wallnuts, oil of turpentine, and mercury, 
an ounce of each, to the open air, the common 
thermometer ftandmg at the fecond degree, and 
rhat of M. Jmontm/% at 51^ — 6 lin. — ^The wa- 
ter was prefenrly froze, and in an hour loft 6 
grains^ the oil of wallnuts loft 8 ; and the brandy 
and oil of turpentine each of them 12| in the 
fame fpace of an hour, while the oil of olives 
and the mercury feemed rather to have gained 
than have loft their weight. Next day the dimi- 
nution of the frozen water was found 36 grains; 
that of the oil of wallnuts, which did not freeze, 
40 grain* ; and thofe of the brandy and oil of 
EurpentinCi which alfo withftood the froft, g4 
each I the mercury and oil of olives remaining 
much in the fame ft ate* 

•Tis peedkfs to note the evaporation produced 
day by day during the great cold ^ ftnce, under 
equal circumftanccs, the evaporation wa$ nearly 

the 
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the fame \ bu£ a vehement cold and ftrong winds, "^ 
always made it greater than a Icfs cold and calni^ 
weather, 

*Tis obrervable^ that the firmeft ice is nor ex- 
empt trom evaporation in a fevere cold| for we- 
find it loofe 36 grains from 8 in the morning to 
I in the afternoon^ and 36 grains more from 
that time to 8 in the evening ; and the cvapora- 
ti0n in the night was much dz the fame rate % ib 
that the ice loft 100 grains in 24 hours^ notiviih- 
ftanding its feeming firmncfs and folidity, and 
this at a time, which feemed more proper to 
bind^ than to loofen the i malic ft of its parts. 

The night between the loth and i ith of J an J" 
proved the coldeft that has been felt in this coun- 
try, the liquor in the common thermometer funk 
intifely into the bowi i and that of M. Amonicm*s 
flood at 51^ — ^1 lin. which is almpft the extreme 
cold of the 8th climate j in effeft^ the cold was 
felt very pinching in the warmeft houfes, and few 
"^ jple could deep found iy how well foever they 
ere covered, -"- ■ '■ This night the evaporation 
iras very great, the common water loft 48 grains, 
^e oil of wallnuts 54^ and the oil of turpentine 
id brandy 72. 

This is a fliort ftate of what I obferved on the 
evaporation of fluids in the great cold : iriy re- 
marks upon froft are, 

Firft, That the furface of freezing water ap- 
pears wrinkled over, and that thcfc wrinkles 
ilbmetimes form parallel lines, and fometimes 
r^dii^ which feem to go from . the centre to the 
circumference, and upon freezing it in a cylin- 
^drical phial» I have found hollow tubes, formed 
around the cylinder from top to bottom^ and 
sming to go from the circumference to the 
^centre, 

M m a Secondly, 
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Secondly, That water covered a-top and at ihc 
lides wiihoil, fro^ about iialfas hour kter than 
the water expofed naked to the air, and in fixctr 
ing formed a bunch of Acq about an inch abate 
the furface of the oil 

Thirdly^ Thar oil of wallnurs preferved water 
ffom a moderate fioft, which oil of olives had 
not been able to do. 

Fourthly, That hot water, ready to boU, froze 
about half an hour later than cold. 

Fifthly, That braJidy, oil of waUouts, and oil 
qf turpentine did not fretze at all. 

Sixthly, That tho* ihe sky was very clear dt^- 

ing the troft, yet the I'un appeared a little pale. 

Seventhly, Thai the orange and olive trees , 

their leaves and branches, and moft of themdl 

tp the very root \ and what is mpre, the laurels, 

yews, grannatc trees, fig- trees, jeffimines, and 

lomc oaks themfelves underwent the fame fatq- 

The Rhne was froze 1 2 kn deep, and the pood 

</< Thau^ nGtwichftanding its natural ftorrninefs, 

and its communicating with the fea, by a very 

Ihort and broad canal, was fixed from end toendi 

and feveral perfons went from the baths of Ba- 

laruck to Selic over the ice, a road imknown to 

our forefathers, and which perhaps wilt be lb ta 

pur poiierity. 

Eighthly, That the thaw on the 23d ofjnn, 
^asajfo that on the 26ch of Feb. were followed 
wirh an epidemical catarrh, which fcarce asy 
body efcaped* 

All thefe cffeds muft have arofe from die 
fame caufe, viz. from the change in the air dur- 
ing the froft — My fcntinicnt of this change m ^% 
fallows^ .s 

The fun*s rays entiitted in the winter, falling 
all obliquely on the furface of thecarth| take up 

more 



more room thereon* and arc Icfs reflefted upoa 
thtinnrelvcs 1 wbcrice lE follows, thi^t tlie earth 
tettft be lels heated in ihe wmter rime, and that 
the lecherial niatteri moft ftirceptible of mouon, 
Wil) recede to that part where the fun is moft 
perpendiculai co the earthy leaving fuch s^iheriai 
ra^aer as is kaft difpofai for nwtiorij 00 that 
part of the earth where it is winter. 

Now the ^therial matter is commoaiy allowed 
the caufe of the motion of fluids^ and that the 
air of iilelf owes its motion aod fluidity 10 the 
fame: hence all Bnids muft remain in a ((ace of 
I ftiffhefe or condcf^iatiort, when this marter ioofes 
L part of iis force i and hence the air itfelf muft be 
krikpler in winter, than in any other feafoo. 1 

^H But we hkewife find by fc\^raJ experiments,* 
^^at the air contains a lalt, which is fuppofed co^ 
' be of a nature approaching thatof nictei noir> 
thh^ and the condenfation of the aic being hpmi 
poled, I fay, rhac the mokcuJes of thb nitrous 
iaJt itttjft be brought nearer, and confequentljf^ 
tlieir bulks enlarged upon a condenladon of the' 
air I 2^ on the contrary, tliey muft be divided and 
farther attenuated by the motion of that fluicj^* 
if the&me thing befal all fluids, which havedifr. 
reived any fait j that is, if the beat of the fluid 
keep the fait exadly divided, and the coolnefs of 
i^e^ or of a fubtcrraneous place, give room for 
ibe partfcks of the diflblved fait to gatlier toge- 
ther and cryftallize, why muft ihe air, which is 
Capabk of raretadtion and condcnfiition, be ex- 
empted frorp this general Jaw ? 

And if the nitrous pariicles In the air be en- 
larged ifi a great cold, as cannot eafily be denied,: 
they tnuft of confequencc have a lefs ftiare of vc^ 
lociry j bgc the produft of their maOes thus aug- 
mented by the velocity remaining, muft ftillgive 

them 
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mains in the freezing water, muft dilate wAfc 
more freedom, as being no longer cotofitW 
by the external air ; and hence probaUy ^ 
the levity and rarefaction of ice, but noid** 
poration of its particles. , 

It would be tedious to enter into an expVicaW, 
of all I have obferved upon ice •, bcfides, ibtl V^^ 
may eafily be deduced from the principlll ^. li^ 
ready laid down. From hence, for inftaoct, *i ^ii^ 
appears, that the particles of oil of olivoA 
more ramofe than thole of oil of . wallifflBV 
and that 'tis owing to thefe branches, which kx^ 
the parts faft together, that the aerial nitre is jA 
able to carry them off; that the particles of wit, 
nuts are more grofs, though lefs branchy,, tfatf 
thofc of oil ^or olives; and tliat it ariie»heiKX» 
tliat the former is heavier, and dries quicKef. 
than the latter ; and further^ that the particles of 
the oil of wallnuts muft be fmoother, arid mm 
iiippery, and only touch in a few points of thdr 
furface ; whence it is, that the aetherial mattcfi 
with all its weaknefs, can eafily move thero, and 
hinder the oil from freezing ; and hence it is,' 
ihofe particles are not firm enough to rcfift the. 
impulfe of the aerial nitre, which carries them off; 
hence alfo appears that the tenuity of the particles 
of brandy and oil of turpentine, favours thdr 
fluidity and evaporation ; as for the heavy andt, 
globular particles of mercury, it appears, that, 
fome more powerful agent, than the nitre of the 
air, is required to feparate them from their mafi. 

Since the setherial matter ftill maintains the 
fluidity of oil of wallnuts, *tis no wonder, that, 
the water covered with it, fhould withftsnd the 
froft ; oil of wallnuts, on this occafion, doing the. 
office of a kind of filtre, and giving entrance to 
a quantity of this matter, fiifficient to msrintain 

the 
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1*^ fluidity of water i and if oil of olives likewifd 
^^*eT\4 water a little while from the.fraft, 'tis by 
^^ron this oi!, which only condcnfcs by the cold, 

water thus co- 




ntains 



*^nch 



rCS, 



a little of the setherial 
^^ -.>.».w, by means whereof the 
1 1 ^^ed with oi! of oUves, is able to fuftain the cold 
t ^^g^> thatn if entirely deftitute of chatafliftance ; 
^ ^xx^\ if ]^o^ water freeze half an hour later than 
^^Id, *tis by reafon fome time is fpent in laying 
^Qde the motion which the fire had given it i 
^nd as CO the palenefs of the fun in a feverc froft, 
"Who does not perceive, that the condeolation of 
tile air, and the groflhefs of the nitrous particles 
tontaincd in it, muft refleft abundance of its rays, 
^fid prevent their penetrating to us, LafUy^ if 
A kind of gingreen appear on the frozen parts of 
trees and other plants, is not this owing to a cnr- 
fofive fatt, corrupting the texture thereof? The 
relation is fo near between this gangreen, and 
that which befalls the parts of animals, that their 
caufe muft be neair akin^ corofive humours burii 
the parts of animals, and the aerial nitre has the 
Hi me effe<5t oh the parts of phnxs penelrahle frigus 

\ fhall clofe this mernbir with fome refleftions 
Opon the epidemical catarrh, which fucceeded 
the thaws of thfe 23d of Jm. and the 26th of 

Feb. So many perfons were feized with it all 

gt once, that it can be owing to nothing lefs than 
!bme general caufe, which afted at the fame time 
upon all men. This cadfe i^e find in the air re* 
{pired after the thaw, whofc nitre having been 
much divided, was now reftored to its natural 
form : to explain my felf, 

The air conveyed into the lungs by the /rtf- 
Ihta^ fills the veficles, whereof that vifms is com- 
|iofcd I and tho* the blood do not enter into thefe 

\ql. III. N**. 31- N n vcficlei' 
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vcfidcs, excepting a preternatural cafe*» yet the 
blood in the pulmonary vein, being found more 
brilk and florid, than tbat in the artery, fhews, 
that it has undergone a confiderable ch?inge from 
the air in refpirauon , Hence» as the air has no im- 
mediate a<5tion upon the bloody we may fuppofe, 
that the texture of the veficles of the lun^ does 
the office of a kind of filtre, by feparating the 
nitrous part of the air \ and that'ds this nitrmis 
part to which the florid Iwdy ftate of the blood 
in the pulmonary vein is owing, if now the ni* 
troos particles in the air happen to be grulTcr than 
ufual, as we have fliewn muft be the cafe in a 
fcvere cold, their proportion will be changed with 
refpcd to the filtre^ which Is to feparate thenii 
and hence only a fmall quantity will er^ter the 
bjood, which, together with the external oold, 
Will occafion that Euid to remain in a ftate of in* 
aftivity^ during which the pafTages of perfpin* 
tion being flopped, the blood muft retain nioll 
of its ferous and lymphacick part, which will re- 
main inclofed in its fulphorous ones, and only 
to be extricated thrcfrom by a general Jiqiie- 
fadion. This liquefaftion of the humours muft 
happen upon a thaw i for the nitre on this occa. 
fion dividing into little molecules, a great quan- 
tity of this fait muft mix haftily with the bloodt 
and animating it, excite a fermentation, which 
fufficcs to mske an inftant feparation of a large 
quantity of lymph and ferum, which being thrown 
upon ail the glands of the body, produces a head- 
ach, naufca, ftoppage of the nol'e, coughs crudi- 
ty, and abundance of urine, wearinels, andlbmc* 
times a little feverifhnefs* 

The catarrh above defcribed is very differeDt 
from what happens in a violent cold % in thii 
Jatter, the humours circulate with difficuhy 1 and 
I 



i 



RoVAL Academy^ SciejiJces. 315^ 

by didr thickening, otcafidn fome ferous parts 
to be leparated from them; whence the hoarfenels. 
and cough^ which are frequently accompanied 
With aft involuntary weepings by reafon of thet 
lachrymal points, which are (topped by the thick- 
ening of the mucus in the nofe. 

Accordingly the two catatrhs are to be 
treated after a very different manner ; thofe frohi 
pold, arc cured by remedies, which reftore the 
hunioursl to their fluidity ; and where there is a 
ftoppage of the head, the readieft renriedy I know 
is, the perfume of artiber, which doubtlefe afts bj^ 
tHe qffantfty of Volatif« fait, and fuJphur, con-^ 
tained therein ; wine and brandy burni with fugar, 
zhd tea, coffee, and chocolate, are proper fot the 
fame reafon ; feveral violent and vef y obftinate 
cotds I alfo knew cured tha:t winder with chi'ckefi 
broth, wherein an ounce of fnakes fjefh dried, 
with a "handful of creffes had been boiled about % 
of an hour. 

As to catarrhs caught in the that\Or, care nluft 
be tiken to prevent the too great difToldtioh of thg 
humours, by bdfled emulfions, rice-niilk, water- 
gfiiel, barley-watef, and yolkS of eggs, with fU- 
gar-candy, whey, and milk itfelf ; narcotics, and 
phlebotomy,, are proper in either kind of catarrh ; 
andcfpecially where the patient is harrafled with'' 
a oough, of ahy influfnmatiori of the brea(l is apr 
pitfheridcd. . 

XrV, The variation of the needle at Nureqi- 
berg, hy M* Wurtzelbaur, 

M. Wurtzelhaur finds the variation of the necr 

^\^ 2Lt Nuremi'erg\ to be' near |i degrceii and 

pfcferveiSji that it has not increafed'fihce the year 

• :i^n 2 ' : ' ' 4792^ 
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1703, when he obferved it alfo to be 11 de- 



grees. 



XV. ji comparifcn of the obferuatkn of ik 
ecUpfe of the moon^ Sept. 29, 1708, made 
at Nuremberg, Genoa, and Marfeillcs, 
by M. CalTini the fon^, 

8 43 36 Beginning of the eclipfe at Ntirem* 

§ 3J 49 Beginning of the eclipfe at GfifM, 
8 20 45 Beginning of the eclipfe at Mir- 

fetlles, 
o 9 47 Difference of the meridians between 

Genoa and Nuremhr^. 
o a 2 51 Difference of the meridians between 

Marfeilks and Nuremberg^ 
J r 634 End of the eclipfe at Nuremhrg. 
16 57 21 At Genoa. 
10 41 26 hi Marfeilks. 
o 913 Difference of the meridians between 

Gema and Nuremberg^ 
o 25 8 Difference of the meridians between 
Marfeilies and Nuremberg, 

XVL RefeBtons on the ohfervation$ of the 
eclipfe of the fun ^ March ir, 1709, m^de 
in different countries^ by M. C^ffini tk 
Jon^. 

A t MonipiUiif the end of the eclipfe 
was obferved exaftly at ^ 55 AS 

We find by the figure drawn up 
for the meridian of Parts^ that it mti^ 
have happened there at ' 2 49 30 



* March t, 1709. 



t April 17, i70f. 

Which 
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Which gives the difference of the 
peridian? 

At 'Genoa the beginning of tfic 
^lip{^ was obf^rved exaftly ^ 

It muft have happened by the fi- 
gprc at 

Which giyes t|ie difference of the 
meridians 

'^At Solonia the end was obferved 
with fpme ambiguity at 

It muft have happeni^l by the fi* 
gureat 

' Which give; the difference of the 
fncridiahs - " " 
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ABRIDGMENT 

OF THE 

'jjiLosoPHiCAL Discoveries and Ofe- 
lERvATiONs in the Htstory of the 
Royal Academy of Sciences at 
Paris ^ for the Year 1710, 

On the pmgreffiue motion of feveral fpecies 

ofJheU'Jiflm, 

ALtho* animals in general have an indifpetl- 
fable occafion for the progreffive motion^ 
cither to feek for fdod, or for the nmles and fe- 
males to meet together i yet many of them feem 
incapable of it mterly by their figure : of this forE 
are feveral fpeciea of flielUfiihes ; and therefore 
M, de Reaumur has obferved them with a great 
deal of care, for they might walk in fecret ; and 
an external aftion is often as difticutt to difcovcr^ 
as the interna! ftrufture of a part- 

The late M. Poupart* had obferved, that the 
river- mufclcs being laid upon the flat of their 
ihclls^ tJiruil: out at plealurc a part, which on ac- 
_count of its ufc, may be called a leg or an arm, 
iat they made ufe of it to hollow the fand under 
leni, and confequently to fink foftly on one fide, 
fo as to be found at laft upon the edge of their 
Ihcll •, after which, they advanced this arm as far 
as poflible, and then refted upon its extremity 
to draw their (hell to them, and fo to trail them- 
fdves in a fort of groove which they themfelves 
formed in the fand, and which fuftained the fiieli 
* Vol, II* p. 376, of this abridgment* 

VolJILN". 33, Oo m 
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on both fides. In looking at a mufcle, we fhould 
not guefs at this expedient, this mechanical rc- 
fource. 

M. de Reaumur has feen a like motion in the 
fea-mufcles, what may be called their leg or their 
arm, and which in its natural ftate is 2 lines long, 
may come 2 inches out of the (hell j a«d the ani- 
mal having feized upon fome fixed point with this 
arm fo extended, contrafts it afterwards, and con- 
fequendy advances by trailing. 

By an alnioft Umilar mechanifm, which M. de 
Reaumur has been very minute in defer ibing, 
the cbama^ or pttrr^ another fort of fhell-filh, 
walks upon the mud, or plunges into it. But he 
has obferved, that if it plunges therein, it is no 
farther than is admitted" by the length of iwil 
horns, or tubes, which it can pufh cut of ici 
fhell, and with which it takes in, and throws otSt 
the water, which in all probability it ftands in 
need of for its refpiration. Thefe horns muft al- 
ways be able to communicate with the water that 
is above it, and thence it happens, that even 
when it does not make ufe of them, for they arc 
not always in adion, there is in the mud which 
covers it, one or two little holes of the diameter 
of its horns, which difcovers it. 

The length of thefe horns in the other flicll- 
fifhes, determines alfo the depth to which they 
fink in the mud. 

The patella Jepas or lir,2pet ^vfhich is an univalve 
fliell-fifh, always taftcned to a (lone upon which 
the lower circumference of the fiiell may be ex- 
adly applied, fecms to have no other motion 
than the raifing of this fhell the height of a line, 
fo that its body may have a circumlerenceof this 
magnitude, uncovered and naked. As foon as 
one tcuches it, the fliell falls and covers it. But 
1 yet 
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yet M. de Reaumur has found in this animaly a 
progrefllve motion upon the ftonf? to which it 
(licks. 

The fea-nettle, which has the figure of a 
truncated cone, is in like manner always ap- 
plied to a ftone, by the greateft bafe of this cone.- 
SotViG circular mufcles form the pUnt of the ty^o 
bafes, and fome ftr^it mufcles go from one bafe 
to the other. The who|e play of the progreflive 
motion confirts in general in this, that one half 
of th^ mufcles both ftrait and circular, on that 
fide to which thp animal would go, fwells and. 
extends itfelf, aad confeqiiently occupies a ffnall 
part of ^ new place, whilft f he other half finks,^ 
atnd is drawn by that which advances, or pi]f^e? 
it the fame way. This motion is no morie quick, 
nor more fenfible than that of the hand of a 
clock. 

There is another fea-nettle, which faftens itfelf 
tp nothing, and is the n)oft ,odd of all af)imals with 
regard to its figure ; and is the tnpft Angular \t\ 
the thinnefs of its confiftence, for it melts in ont*s 
hands. It would not be reckoned in the number 
of animals, if we did not fee in it a motion of >5^- 
Jiole and diajlole^ the only fign of life that it 
gives. 

In the 1^ place, the fea-ftar with ks 304 legs 
tQ each of the 5 rays of which it is cooipofed, 
goes never the fafter. \i^ 1520 legs give it no 
advantage over the mufcle, which has but one. 
What a prodigious variety is there in the works 
of nature ! not only the great quicknefs of the 
motion, but even the extreme fipjvnefs is exccutecj 
after different manners. 
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An explandtun $f $hi figures. 

Plate IV» fig, 1. a fea-mufcle opened after the 
oaturai manner. 

L its teg. 

Fig* 2, a fea-mufcle gap'ing, and putdng forth_ 
its leg. 

Fig, 3, 3 chama or p?/rr opened^ to ihcvr 
part^ ferving for the pmgreflive motion. 

S the veriex of the ihell. 

M M two mufclcs, which are cut thro*. 

I the lcg» placed in the tniddle of dbc fiiell, 
proceding trom the vertex^ Its whole extremity 
I is ft rait and fharp» it is only rounded ovcr- 
againft the 2 flefhy tubes marked C C 1 whereas, 
oa the other fide it advances a little^ and form? a 
fort of blunted point marked P, 

O O the inner aperture of the tubes C C, 

Fig. 4. a purr ennbracing the mud with its kg 
RCOr. 

Fig, 5. A purr prolonging the horns or tubes 
C C, to draw in the water* 

S the vertex. 

B B B the bafe. 

S B the breadth, 

LL the length. 

Fig. 6, a fort of fliell-fifli found on the coafts 
ol P mi QU^ Aunts ^ zndSaintonge^ and there called 
I pdlmrde. It is different from the chama pdms^ 
and froni the pekrde of the coafts of Provence, 

C C the two horns or tubes. 

Fig. 7, a palourde opened, 

the interior apenure of that horn which ii 
fartheft from the veriex, 

1 the kg. 

Fig, 8. a fort of fhell-fifh found on thecoafls 
of Poitm and Aunts y where it is called fmrdm* 
C C the horns or tubes. 
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Fif. 9. a y5>«r/fo« opened. 
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I a part refeaibling a leg. 

P the foot. 

T the hecK 

Fig. 10. a fuuriom, with the leg» foot, a«d 
Iteel thruft out for walking. 

Fig^ II. z ullina cpentd fo as fliew the I^. 

Fig, 12. a /^//i>i^ wich the leg diruft forth, 
ready to open a way in the fanct 

S the vertex, 

C C the horns or tubes* 

F^. 1 3 . a tillina bending its leg to raife itfelC 

Fig, 14. another fpccies of /fWwiJopened* 

I the leg. 

C C the horns or tubes, 

P^i' 15^ ^ iellina^ with its leg thruft rorthi 
ready to enter the fand, 

A A the bounds of growth, marked fo di^ 
ftin£l!y on the fliel!^ that they Ipok Hkq fmall 
pieces ftuck upon larger, 
' C C the horns or tubes. 

I the leg. 

Fig. 16. tlie fhell of a limpet faftened to ^ 
ftone. 

Fi^. 17. the animal taken out of the fhell. 

AAA, &c. that part of the animal which is 
uiicotrercd by the flielL 

T the head. 

G C two little horns bent towards it. 

P a I hick flefliy part in the middle of the 
opening of the fhellj which it makes ufe of for 
its progrefllve motion. 

Fig. 18, a fm^ll wkelk^ in which the organ of 
progreffion, or leg, is like that of a fnail 

E the leg- 

^ the lid with which it fbuts its (helK 

P 
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P the part which it puts upon its liead, when 
it draws its leg into the (hell. 

Fig. 19. the cancelltis^ called in Englijh^ the 
''Ji'rong heir^ or Bernard the hermit. It is a fea- 
animal without any (hell of its own, which lodges 
in the (hells ofwhelksy and other turbinated flidir'. 
fi(hes. 

D G its daws, like thofe of crabs apd 
fters. 

Fig. 20. Ill three little bodies near its ^r^ac^ 
with which it faftens itfelf to the (hell. 

A O is that part of the animal, which is co- 
vered, only with a thin Ikin, the reft having a 
fofcer (hell than that of cray-(i(hes. 

Fig. 21. a fea-nectle. . 

A a partof thefei-n^tjtle, reprefented in (jm 
and the two following figures, refembling 'duj ; , 
vent of a large beaft, on which account thdCeJm^! 
nials are called, by the common people in FriKUX^ 
£ids de chevauXj tf culs d^anes. . ... 

B B the bafe which, does not appe^ir hi Ais 
figure, becaufe the animal refts upon it; but it 
may be feen diftindlly vs\fig. 24. 

Fig. 22. a fea-nectle with all its horns ex- 
tended. 

Fig. 2 J. . another fea-nettle. 

AlIFBD a fpace where only the ftrait cao^ 
appear. 

ACIFRA a fpace where only the circular 
canals appear, 

I F T O a fpace where the ftrait canals partly 
appear, the circular canals being but partly 
fwoln. 

C O r R a fpace where the circular canals W 
fwoln. 

Fig. 24. a fea-acttlc revcrfed, tp fliew i;s bafe. 

F\l. 
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Fi^.25. the mouth revcrfed. 
CC the circumference where the horns are 
fattened. 

0000 the circumference of the nnouth tc*\ 
verfed. 

It is by this mouth, that the animal takes in its 
food, and excludes its young. 

1 a little fort of inteftine turned fpirally. 
Plau V. fg. 27. another fort of tea-nettle 

called fea-blubber, or fea-gelly, 

D D the circumference or bafe. 

C D the grand refervoips or canals. 

The circular circumferences DDD, &?r. EFEF, 
&c. receive the water only by the portion ED of 
the canals D; whereas the band (XCC, fc?f* 
EFEF) ^c, the thicknefs of which increafes gra- 
dually EFEF, (^c. to CCCC, &c. receives the 
water from 16 canals marked CE and CF. 

B B B B four columns, which divide the fca- 
nettle as it were into 4 parts. . 

T a trunk, in which the 4 columns are united. 

R R, &c. the trunk divided into 8 branches* 

P P an appendage to one of thefe branches. 

La fmall part of the canal left between thcf 
j^rtures of the columns. 

Fig. 28. reprefents fome of thefe parfs more at 
large. 

T the trunk of the canal. 

R R, £5? c. the branches into which the trunk 
b divided. 

O O, ^c. the apertures of pach of thcfe 
branches. 

Fig. 29. a fea-ftar. 

R R one of its rays laid-open. 

B B two rows of tranfparcnt bodies like pearls. 

Kg-. 30. angther fea-ftar revcrfed, creeping un- 
der a ftone. 

AA 
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A A in thefe two rays the ends of the legs fp^-p 
pear. 

S the mouth or fuckcn 

DD, ff?^. fi^c teeth about the fucker^ 

Fig. 3 1 . an end of a ray magnified, 

C C C bundles of tubes, 

R R R the fkin. 

II. Of the glafi-ware ^India. 

M. de la Hirehu been informed by a racmoir 
that has been fent him from Pmdicberj^ in the 
Indies^ by F- Tacbard^ a miflionary jefuic in 
1 709, that the glafe^warc of I^diay which is nor , 
fo fine as that of Cb'ma^ or J^pan^ is made of 
the gum of a tree of the colour of white amber, 
or karabe^ which they mek in two quarts of lin- 
feed oil« 

IIL Of afirt of acorn Jr^m CororaandcL 

M. de la Mare, % ica-ofRcer, having 
from the Eaji- Indies^ Brazil^ and Peru 
forts of drugs, gave them to M, Sanvmr^ 
ihewed them to the academy* M. Gfojfrcy \s 
upon himfelf the examination of them, 
were roots* fecds^ woods, ft ones, fc?^, 
compared thefe drugs, as tie faw them him! 
and what was faid of them in the memoifi ot At 
is la Man^ with what was faid of them by ite' 
afUthors, who have treated of thefe fubjefb, aiid 
by that he endeavoured to find out, if what be 
had before him was what thofe authors havcde* 
fcribed. We iTiall fupprefs the principal part of 
this work, akho* inquired into with agreatdfcil 
of care, being only mere erudition, and we (bati 

onlf' 



^YJLL Academy ^Sciences. 329 

s from k here, and in fbme other places 
ongs to philofophy. 

is on the coaft of CaromandeU a tree 
uch like our oaks, which bears a fort of 
Ut of which they draw an 01], like oil 
I . The Malabar $ make ufe of it in their 
r burning, and to colour their iinnen. M. 
tr^, by their example eat of it in fallads, 
fried with it ; and he had taught all 
r officers of the coaft to eat it, who found 
Tcry good. 

f the virtues of a nut called Bicuiba. 

luts called ^/Vtfi^/i burn like cloth foaked 
and it is in burning that they extraft the 
4. de la Mare has tried at M. Boudin% 
rfician to the late Dauphinefs. M. Jeau 
conful of the French nation affirms, that 
ared many cancers with this oil, and that 
3 one of thefe nuts, the colick is eafed. 

a woman delivered of a child ^ when 
above 80 years of age. 

lale bifliop of Sees has affirmed, that a 
his diocefe, whom he knew, being 94 
age, had married a woman of 83, who 
rte was delivered of a boy. 

^ the fatal effeSi offome vapours in a 
baker's cellar. 

ker of Chartres had put into his cellar, 
as 36 fteps deep, and well vaulted, 7 or 
f embers out of his oyen. His fon, a 
md robuft young man, going to carry 
III. N^. 32. Pp fome 
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fome more embers, with a candle in his handi the 
candle went out half way the Hairs, he came up, 
lighted it and went down again. When he was 
at the bottom of the cellar, he cried out for hel{s 
after which they heard no more of him. His 
brother, as ftrong as he, went down quickly, 
cried in the fame manner, and then ceafed. His 
,wife went down after him, and a maid fervant 
after her, and it was ftill the fame thing. So 
ilrange an accident alarmed the whole neigh- 
bourhood ; but no body was in hafle to go down 
into the cellar. There was only one neighbour, 
more zealous and bold, who not believing that 
thefe four perfons were dead, went down to give 
them his hand, and help them out. He CTicd 
our, and they faw no more of him. . A pafleo- 
ger, a very vigorous man, alked for a hook to 
draw fome of the people out of the cellar, widi- 
out going down to the bottom, he threw the 
hook and drew up the maid, who, upon coming 
to the air, gave a figh: they opened a vein, 
but flie did not bleed, and died upon the fpot. 

The next day a friend of the baker's out of 
the country, (liid, that he would draw up all the 
bodies with a hook, but for fear that he fhould 
find himfclf ill, without being able to get up a- 
gain, he was let down into the cellar with a rope 
iipon a wooden pully, and as foon as he fhould 
cry our, they were to draw him up again : he 
very foon cried out ; but as they drew him up, 
the rope unhappily broke, and he fell back again; 
they niendtd as fall as they could this rope, which 
was broken pretty near the top of the cellar, but 
they could only bring him up dead. They 
opened him, his brains were in a manner dry, 
the meninges cxctflively ftretched, the lungs 
n)t)rkcd with black fpocs, the bowels blown up, 

and 
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and as thifck as one's arm, inflamed, and as ted 
as blood; and what was the moft particular, all 
the inufcles of the arcns, thighs and legs, as ic 
were, feparated from their parts. 
' The magiftrates took cognifance of this acci- 
dent, for the publick intereft, and forbid any 
one's going into the cellar, till they had taken 
the advice of phyficians, furgeons, and even of 
inafons. It was concluded, that the embers, 
which the baker had put into his cellar, were 
not well extinguilhed, that as there is a great deal 
of falt-petre in all the cellars of Chartres^ the 
great heat bad raifed in that a very malignant 
vapour, which had caufcd fo many fatal efFefts, 
that they ought to throw a 'great quantity of wa- 
ter into it, which would extinguifh the fire, and 
make the nitrous vapours fall. This was execu- 
ted, and at the end of fome days they let down 
into the cellar a dog, tied to a plank, with a 
lighted candle. The dog did not die, and the 
candle did not go out, certain figns that all the 
danger was over. They took up the dead bodies, 
but fo corrupted by the water, that they could 
not be examined 5 they were very much fwoln» 
and one had his tongue out of his mouth, as if 
he had been ftrangled. The academy had this 
hiftory from M. de la Hire. There is one almoft 
of the fame fort in the hiftory of 1 701 *. 

VIL Of r. remarkable echo. 

M. PAbbe ^einturier^ the arch-dea«)n ofFer- 
dun, has fent to M. CaJJini the fon, the account 
of an echo, that he has feen 3 leagues from Ver- 
dun. It is fprmed by two thick towers, detachM 
from the body of the houfe, and 26 toifes diftant 

• Vol. I. p^g 253 of this abridgmtnt. 
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from one anather, Oqe has a lower aparimau 
of frec-ftone vaulted ; the other has only the 
porch fo. Each has its ftair-cafc. As aU thai 
belongs to echos may be called catoptricks of 
found, becaule the found reflects itfclf according to 
the fame laws, as the light docs, we may look ypoa 
ihefe two towers as two looking-glafies, placed 
over-againftoneaiiothefi which mutually fendifig 
back the rays of a light objed, multiply the 
image of it, alcho* continually weakening it, and 
make it always appear farther diftant* Thus 
when we are upon the line th^ joins the two 
towers, and pronounce a word with a pretty 
high voice, we hear it repeated 1 2 or 1 3 tintesi 
by equal intervalss and always weaker and weaker. 
Jf we go out of this line to a certain diftance, we 
hear no more of this echo^ from the fame reafon, 
that we fliould fee no more of the image, if wc 
fliould remove ourl'elvcs too much from ihe fpacc 
which is between the two looking-glaffes. If we 
are upon the line, which joins one of the towers 
to die body of the houfe, we only hear one rcpc* 
tition, becaufe the two echos do not any more 
play together with regard lo thofe that fpeak^ 
but one alone. 



VIIL Offguredflones, 

M* John Scbuchzer being come to Paris^ and 
having been prelent many times, ar the aircmblies 
of the academy, of which he is one of the moft 
learned an^ uleful correlpondentSi read a Latin 
difTertatlon, which he addrelled to it, upon the 
figured it ones, that he has oblcrved in his jour- 
ney into Flanders and France, 

The quarries about Paris have at different 
depths of the beds^ fome times pretty thick, dil- 

fcrcot 
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ferwt forts of fliells, ftij|ngly bound together 

cither by earth or fand. When thefe (hells have 
preferved their fubftance, or their natural con- 
iiftence> they do not yec merit the name of /- 
gured flonts^ that is only proper when they are 
petrified ; but they defer ve it flill better, when 
-after having ferved for a mould to a fubftancc 
yet fluid, which has intirely filled them, and af- 
terwards grown hard, their fubftance has been ab- 
iolotely deftroyed by time, and there remains 
only this petrified matter^ which very exaftly re- 
prefents their interior figure. Then the whole 
that we fee is, in reality, only a figured ftone 1 
and this probability is fo fl:rong, that there is need 
only to prove, that fome part of an animal has 
contributed to the formation of this ftone. The 
perfed conformity of the figures is a demonftra- 
tion of it ; to which M. Scheuchxir adds, that 
about thefe ftones there is always in the quarries 
an empty fpace, which is exactly that which the 
IhelJs ailed. 

There may figured ftones be found » whofe 
moulds may be unknown to us at prefcntp The 
ihells, which have formed them, are not any 
more in our feas, or they have efcapcd us. The 
great quantity of ftones^ which certainly have 
been moulded in this manner, gives us a right 
to make this fuppofition* Perhaps even fome 
moulds may have been loft % that is, fomefpecies 
of fliell may have periOied % but to admit this 
thought, which is a little bold, we muft per- 
ceive in a ftone pretty fenfible traces of this fort 
of formation* 

Thus we do not admit it at prefent in explain- 
ing a ftone, which was thought to be found only 
in Hungary and Tranfylvania^ but has been found 
by M* Scbeucbzcr in Swijfsriandy and in a ftiil 

greatLT 
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greater quantity in Pkardy about N^ym, Ch* 
Jtuj has called it Numifmaky becaule of its figure j 
however, it docs not fo much refemble a medals 
or piece of money, as a glafs convex on both 
fides, but more elevated in the middle than the 
fphcrical curve requires. Its two convex halves 
cafily feparate, and fometinies are found natu- 
rally (eparatcd. Then we fee in the flone ttirm 
made fpirally, like thofe of a cord twtfted aboot 
itfelf Thefc turns are faflened by a fort of littJc 
filaments, which extend themfelves obliquely to- 
ward the circumference. The exterior furface of 
the ftone is fometimes polinied, but oftner kx 
round with little points, whofe different feries are 
forts of irregular flutings* The generation of 
thefe forts of ftoneSj if we could never fufpcft 
them to have been moulded, wiil perhaps reduce 
the philofophers to the hypothefis of feeds, ven- 
tured by the lateM. Tournefort *. 

To explain the fliells petrified, and Ibmetimes 
buried under ground at great depths, or thcjfe 
which by a long feries of ages arc confutnd, 
after having left only the print of their figurcSi 
M. Scheuchxer has recourfe to his hypnthcfis of 
the deluge already explained in the hiftory of 
1708 i", which he has in common with his bro- 
ther upon thefe forts of fubjefts. If what we 
have related after M. Sauimon^ in ihe hiftory of 
17071:, does not abfoltitely require this hyp«>' 
thefis, at leaft a confiderable part of what is bod 
now, muft formerly have been fea. 

Welhall not here pafs over in filence an (del, 
upon which, however, M. Scbtuihzir has de- 
clared that he did not pretend to infifl;, and which 
he has only propofed as a fort of philofophicai 
■dream. If we make a great round bafon half 
• Vo7. I. pag. 410. t Vol l\L png, 77. % Vol UJ. p f. 
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f fiiH of water, turn pretty fall round its ccntret 

[ till at laft the water has taken all the fwiftnefe of 
the baforij and flop it fuddenly, the water will 
not ccale continuing to movcj and even with fo 
much force, that it would furmount the edge of 
.ihe veffeK Thus if God Iliouldj at an inftant, 
op the turning of the earth about its axis, the 
atcrs of the fea would fprcad themfelves with 
violence over the whole earth. This manner of 
explaining the deluge is not Jefs fimple than new % 
even when God exerts his extraordinary power, 
and fuperfejes thefe laws which he has framed 
with fo much fimplicity, W2 may imagine, that 

I the miracle is performed alfo with the greatcft 

I fimpltcjty poflible. 

r 



[, Of M. John James ScheuchzerV Her- 
barium Diluvianum* 



M, Jokn James Scbmchzerh Herbarium Dilu^ 
vianmh printed at Zurich in 1709, and fent to 
the academy by the author, turns upon the fame 
principle with the work which we have juft men- 
tioned, and with all thofe of both thefe brothers, 
mentioned in the hiftory of 1708 i". This ex- 
traordinary herbal is only compofcd of plants, 
which, from the time of the deluge^ having been 
buried in foft fubftances, have Jtft the print of 
their figure upon them, when they were after- 
wards become petrified. They are only fimple 
figures without fubftance, but fo perfe6l and fo 
cxait, even in the moft minute particulars of 
what they reprefentj that it is impoffible to mif- 
take chem. Among a great number of plants^ 
which are all of thefe countries, there is an h- 

f VoL IlLpag 77, Si, 82, 
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aircady niidc 

cinAifidii 

upcKi the for- 

I Ac trsBfaotmioQ of tli 

iciy poffiUe^ Ac- 

'»» the isfflner m wfxkfa die heAj fi-npcnre 

ofiliedtehip^ etfher mtke^iriiigor chcttCQQin; 
boc M. Sctttswxer removes tfiss imctftcj^tniy bf 
jbfne of che pfaa» of Ins herfaal^ snd cbicfif bf 
as car of barlef . Tlidr age k o&ly that whidi 
they faaire here ir tlir cod of M^. This is iHb 
cofsfiraied bf an jiile& or two, of whkh we iNii 
fcooir the life fuffidendy, aiid which are noc 
ofdcr, Tfcclc are a new fort of medals, whofe 
dates are withtnic compirifon more andcm^ mom 
tTTiportant, and more fiue^ ihao chofe of all die 
Cmk and Rswan medals* 

There are certain ftenes whkh rtpreleot opOfl 
iheir fur&ce, doc like rhofe of diis herbal, a An- 
gle part of a plant, or a fioglc leaf, but (kmh 
and little fcrrcfts very bcaoriful, Tbofe rrpit* 
icnt fomuch, that they t^cpreJent nothing, aixjin 
cffc<S on ezaoiining them ever fo little, we fee 
that thefc trees, or (hrubs, do not reprefeflt any 
feal plant. They are c^en fomctimes accoiii* 
panied with little caftJes, or figures, which adorn 
the piclure indeed, but render it tinwcM'thyof the 
herbal of the delage* Thele are true fpoiti of 
nature, M, ScbeucJbzer undertakes to eie plain die 
philofophy of thefe iports j that is, how certaiB 
juices which eicuded from the pores of a ftone, M 
fa ft as it was formed, could Ipread themfctffs 
between two of che leaves, or flrata^ which coisi- 
pofed it, and trace there certain rcprefenrations 

• Vol II pag. 3J7, 
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^Imoft regular^ to which afterw^irds our t magi- 
nation lends a licde of what it wants. He has 

even readcfcd his explication fenfible to the eyes^ 
y an experiment quite like ic of two flabs of po- 
lilhed marble, which he rubs together, alter 
haviog put fome oil between them. It fprcads 
there fo as to form trunks and branches. 

Among the remains of the deluge, M, 
Scbeuchzer reckons a great trunk of a tree, which 
" e knows to be laid upon the fummit of mount 
tilh^ the higheft mouncain of the Alps. . M. 
y&bn Scbeuchzer has twice attempted to go and 
iec it with his own eyes, altho* the moft deter- 
[inined hunters have never been there but with 
but the fnows have been an invincible ob- 
I'Aacle. According to his eftimace, this trunk is 
railed 4000 feet above the moft elevated place of 
rhefc mountains, where any trees naturally grow, 
for beyond a certain height there grow none* Who 
could have carried it thither? With whatdefign? 
And wliat machine muft they have ufed ? 

X* Of the count MarC^Ws philofophical f§ay 
towards a hijiory of the J ea. 

The count MarfigU has fent to the academy a 
manufcript work, intitled^ A Phyfjcal Effay m 
ibe Hifl&ry of the Sea^ of which he has done it 
fhc honour of a dedication. He turned to the 
advantage of philofophy a ftay that he made on 
the coaft of Provence and Langtadoc^ and took 
that opportunity of ftudying the fea particularly. 
^-The manner in which he engaged in it, is fuffi- 
cicnt to fliew what the genius of obfcrvfttion is j 
and to give a model of Ir, he has formed a 
defign as extenfivc as the fubjeft, he has em* 
braced all the parts of ir, and has undertaken to 
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make by himrdf all the experiments which can 
have relation to it. If we had a fuflicieoi num- 
ber of as good memoirs made by ©bfervcn^ 
who had been placed in ditiferent pans of the 
world, wc ihould at laft have a natural hiftory. 

The work of count Marftgli is fo confiderable, 
that the extracts which the academy has caufed 
to be made from it^ by M. Maraldi and Qe^ffm^ 
were themfelves pretty large works, Wc fhalt 
here only give an idea of it incomparably flioiteft 
and we ftiatl be greatly aflifted by their labours* 
The hiftory of the fea is divided into 5 pares. 
The fir ft; treats of the difpofition of the bottom^ 
or baton of the lea. The fecond, of the natitre 
cf the water. The third, of its motbns. The 
fourth^ of the plants that grow there. The fifths 
of the fifties. This laft part is not finifhed, and 
the academy have not yet feen any thing of it. 
The whole is accompanied wirh a great number 
of figures, made with a great deal of care. 

To difcover the nature and ditpofirion oF the 
coafts, he has made different fmall voyages m 
barks, which arc all contained between the cape 
Df Sije near Toukn^ and die cape d^Agde in L^n* 
guedoc. He has made others at fea, and fomc* 
limes at 11 leagues ' dift:ance, to examine thedcpth* 
and nature of the boirom. He has found that ihs 
gulph of Lyons IS cut afunder by a ridge, hid 
under the water, that the part which is from tbc 
land to this ridge is not above 70 braces deep* 
and that the other which is towards the main li 
150 in fome places, and fomeiinies fo much iku 
k cannot be founded. He calls it the abyfs •, be 
has fearched what thi: difpofition of tlie ioil vmh 
that is to (liy, the order of ditferent banks, or beds 
of earth, Hind-rocks, i^c. not only in the coafl^, 
but a]fo in the iflnnds or neighbouring nieJves. 
I 
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Tius . difporuioQ is found alike, fo that^ aU t^e 
iflands are only fragments of the firm land, anid 
probably the; bottom of tlae fea is a continiia- 
tion of it. From hence we may conjcfture^. with 
count Marjiglu ■ that the globe of the earth has, a 
determinate organicai ftrudure, which has not 
fuffered great alterations, at leaft in a confiderabjie 
cime. 

He (hews, that fome beds of fait and bitumen 
are mixed among the beds of ftone \ and that 
ijpon the natural bottom of the fea there is formed 
an accidental bottom, by the mixture of different 
matters, fand, fhells, mud, (Sc. which the gla« 
tinofity of the fea has flrongly united, and 
ituck together, and which are afterwards har- 
dened fometimes even till it petrifies. As theic 
incruftations are neceffarily formed 'xxiJiratOyKhttc 
are fome in which the fifhers diflinguifh the an- 
nual augmentations ; they have a furprizing va- 
riety of colours, which fometimes penetrate even 
into the flony fubflance, but are oftener only fu- 
perficial, and difCpate out of the water. 

Some of the matters which form thefe incrufta- 
tions, have afforded by chymiflry, principles fo 
like to thofe of marine plants, that we might fuf- 
ped them to be- fo ; and much more, as they 
are fometimes wholly fibrous. Such are the hard 
fea moffes, or lichens which fallen to the flone, 
and have almoft the fame hardnefs. 

Count Marftgli found by a thermometer 
plunged in the water, that the degree of heat there 
is equal at different depths \ that in the winter it is 
fomeching greater in this fea, than in the air •, 
and on the contrary in fummer ; but pretty often 
equal. Ncverthelefs count Marjigli has obferved 
alfo, that many marine plants agree with thofe of 
tlic land, in fnooting in the fpring oftener than in 
Q q 2 other 
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other fcafons- An acctdent prevented the «pc- 
rimcfits of the heat of the fea from being cood- 
nucd fo long as they Qiould have been. 

According to him, the fca- water, fuppcfing it 
to be well chofen, is more clear and bright than 
any other water* As to its colour, it depends 
both upon its bottom, and the (ky i and fo many 
other circumftaoces hitherto Icls known, that all 
the experiments of count Mar/^li leave him ftill 
a great deal to defire upon this lubjoft. 

It is more eafy to determine the caufo of in 
faltnefi and bittcrnefs, for we may well obfcrve 
the bitternefs as different from the faltnefs- One 
is produced by the dilTolution of beds> or banks 
of fait, the other by the diflblution of beds of 
bitumen. 

Water is much more proper todiffblve the faft, 
than the bitumen, which is an oi!y marrert and 
in the fea-water the dofe of fait is much ftronger 
than the bitumen. Connt Msr^U having taken 
23 ounces 2 drams of ciftern- water, to makefel* 
water of it, he put 6 drams of common fait into 
it, and only 48 grains of fpirit of pit* coal i for 
pit-coal is bituminous; and befides there are 
mines of it found in the mountains of Provma: 
and with this mixture he had an artificial feir 
water of the f^me tafte with the natural, Tbcfe 
48 grains did not at all increafe the weight of llic 
water weighed by the areometer. 

The fmall quantity and lightnefs of this bim* 
minous matter* are the caufes, that the fea-waw 
diftilled, fo as to loofe its faltneft» has not how- 
ever loft its bitternefs, and a difagrecable taftt, 
nor even as is pretended an unwhotfom qiudity* 
The diftilhuion which is naturally made by the 
fun, and which is very different tVoni that «f m 
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alembicj perfeftly purges the fea-waccr from its 
bitumen. 

There are in the earth fo many different matters, 
that the fea wafhes, and of which it muft raife 
fome particles, that we may pretty juftly believe, 
that bitumen is not the only principle which 
mixes with the fait. 

By what has been juft faid, we fee that in 24 
ounces of fea-water, there are 6 drams of fait; 
orp which is the fame thing, that it contains thc32d 
part of its weight of fait. But this is only true 
of the water taken at the furface of the fca, that 
at the boitom is more fah, and has the 129th pare 
of its weight of fak. The iaiteft waters arc alfo 
the heavidl. Thofe which are upon the furface 
of the fea at the outlet of the Rhone ^ are lighter 
by ^^1, than the waters farther diftant, and c- 
qually fuperficial ; and thefe ftill lighter thaa 
thofe which are farther diftant from land. 

It is furprifing that the water of the fea^ which 
does not want fait, has not diflblved all that k 
can difiblve. By count Mar/igli*s experiments, 
a quantity of water which ought to contain 
6 drams of it^ diflTolved 4 | more-, and the arti- 
ficial fea- water 5. He conjeclurcs, that the ani- 
mals and plants of the fea, confume part of its 
fait ; that another part of it difljpates in the air; 
that the foft waters, which it receives not only 
from the rivers, but from the fprings of its bottom 
alfo, frefhen it; but with a!) this he does not pre- 
tend, that the difHcuhy is intirely removed. 

He his made i4!b. of fea- water pafs through 
15 earthen pots, which he fuccefFively filled with 
garden- moil Id and fea land. If they had been 
joined together, they would have made a cafcade 
of 75 inches long, and 5 broad. The 141b* of 
water having pa fled both through the fand, and 

through 
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through the mould, were equally reduced to 5 lb, 
2 ounces \ buc they we: re bctcer frcfhdned by die 
Jiuid, and deprived of a greater part of their 
weight. If the cafcadc of fend had been twice as 
long, we might bdievt, diat it would becQnicai- 
moft, infipid. By this ;neans the fca^ water mig)ar 
become frefh by fiirering through the bowels of 
the earth, if at the end of a certain time the 
filters IhouU not fill with the fait which has been 
deporued in tliem. 

The lakofthe fi^pcrficial waters is white, aad 
that of the deep waters of a dark afli-coiour. The 
firft is the only one in which there is found an 
acid, and is of a more biting faknefs, and a much 
lefs fenfible bitternels. From herxe it comeSt ^h^t 
at Peccais^ in LangueJ&c^ where they excrad Uk 
from deep well-waters, it muft be left expofedtii 
the air for 3 years at lead, before it is vended. This 
lime is ncceflary for it to lofe a bltteroefs whid 
would be infupporubie* We {hall fuppicft a 
great number of obfervations upon the marine fall, 
becaufe this fubjed is more known. 

Count MarJigU has not had leifure to cooteat 
himfelf fully upon the faft of the bitumeo ^or- 
taiaed in the fea-vvater: however he believes it 
is this which produces the namral ucduoufoefeof 
this water, which even the dift illation ^Oi^^ not 
take away from ie. The great quantity of glue 
which fiXL's upon the ftones and plants, the union 
of fo many heterogeneous bodies which g]ue to- 
gether^ the canar which hardens in fome plios 
the bottom of the Tea, or inclofL^s feveral f^^ra oi 
matters, and chiefiy the lithophytons, a martoc 
plant. He has begun experiments at ditfcn:J»c 
limes upon the tartar tfatioos of the fea, wJikh 
couki not be carried far enough. 
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He has obferved, that puifc boiled in fca-watcf,' 
came out of it more hard than when it was put ^ 
111 ; that the flefli of mutton becomes white* and 
morr tender than in foft water, but very fah and 
bitter-, that the bread made wirh fea- water is 
ftlt, and may irery well be eaten while rt is new i 
but when it is ftale* it acquires an erccffive bit- 
ternefs. 

The fea has three forts of qiottons^ the fiux and* 
reflux, the currents, and the undulations. We 
know that the Mediierranean has no flux or reflux, 
at leaft univerfally ; and in effeft, accc?rding to 
the common fyftem, it muft not have any, fince 
it is not under the courfc of the moon. However^ 
as an almoft infenfible flux and reflux might ea-/ 
fily efcape the obfervations which arc commonly 
made, count Marfigli has made new ones^ which 
this motion could not hat^e cfcaped*, and it wm 
not at all perceived in the places where the obfer-*^ 
nations were made, * 

Count MarfigU has not difcovered any fu!e in 
ihe currents, aJtho* he has not fpared his voyages, 
nor his trouble. He has not been able to verify 
what is commonly fiid of this famous current, 
which coafls the whole Meditirrnnsan^^LS^ if it was 
formed by the entrance of the waters of the oceao» 
and by their return. But he believes he has dit 
covereil fomething very fingular. During the 
fummcr, and in the time of the coral fifliing, they 
perceive at the fide of the abyfsj a current which 
feems to have a relation to the motion of the fun 
upon the horizon, but fo that it is always oppofitc 
to it. When the fun is in the rift em part of its 
ditJfnal courle, that is to fay^ from its rifing tiU 
noon, the current goes to the weft *, and at noon 
it turns to the north, and afterwards to the cafr. 
They have not obfervcd if it goes to the fouth at 

mid- 
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midnight:; this would agree with the rcft^ ajid 
ciren appears neceffiiry. 

As to the undukcion^ it is fufficiait to know the 
cxceffes of it, Couat Mnrjigli has obfcnraj be- 
tween Maguelom and Peyrole^ that in a gpeat 
tempeft the waves rofc 7 feet above the commoa 
level of the fea* At the mountainous fhores, fgch 
as thofe of Provence^ a furious fourh- weft wind 
faifes the water only 5 feet, but the percuffion 
that it makes againft the rocks, drives it fomc- 
times to S. This is not comparable co the poecic 
tempefts* 

XL Of a t^rm found in a tench. 

M, GeofftBy^ junior, (hewed a taenia found in % 
very found and fat tench, like to thofe which 
are found in man, only it was not divided by ringi. 
It had only ftripes^ or folds, perpendicular to its 
length, according to which aoodier great ftripc 
went from the head to the tail, dividing it into 
equal halves. It was intire* and 2 feet | long. 
Wc do not know that there has beeo hitherto 
any t^nia found in fifhes. 

XII. The dijcovery of an extra&rdinafy Jki 
ofinfeSi* ^ 

We muft be furprifed to fee that a little body 

pretty exadly oval, and whofe great diameter, 
which is of above a line, is to thefmall as 5 to a v 
which has a very poliftied furface of the colour of 
roaftrd coffee, with a fmall pcarl-colourcd bftod 
in the middle \ and which, with thefc appcir* 
anccs, would hardly be taken for an animal, and i 
at moft but for an egg, fliould however leap in t 
garden, raifirg itfclf J an inch, and fometitncs 

leap- 






I 



J 



ROVAL ACAD^EMY^ SCIENCM, 345^ 

leaping as high as a^Whcn wc would have it leap^, 
wc ticL^d only expofe it to the fun, or hold it in. 
the hand when it is hot, M. C&rriy to whom 
we owe this obfervation, opened the bag of one 
of thcfc little bodies, it is thick and folid in pro% 
portion to it^ bignefs, and it had need be fo to. 
bear their leaps, and it indofcsa very white little 
worm, of which the back is cut with tranfverfe 
and parallel rings, and the belly very flat, and 
without feet. We perceive two litrle black points, 
on the fide of the head. As the figure of iu belljf ■ 
hinders it from entirely filling the bag, it has roonti 
to make a leap there by gathering up its body, 
and afterwards opening it baflily. It is thus that 
it raifes up ii% houfe in the air. It muft be very 
vigorous, for this houfe m a very great weight in 
proportion to irj and yet it raifes it very high, and 
carries it a great way, and that very often. M* 
Carre kept one for two months in a box, without 
perceiving any alteration in it. This little animal 
is a riddle pretty difficult to explain. How does 
itnounfli itfelf in this bag fo well clofed? How 
does it multiply in this prifon? For, although it 
Hiould multiply in the manner that mufcles do^» 
how iliouM its eggs get out ? 

XIIL On the pond mufcles, 

Wc know well enough, at leaft to a Gertain 
point, the animals that are mod expofed to our 
eyes, and with which we ha\c the greateft com- 
merce. But there is an infinite number of others^ 
which the little need that we have of them, the 
difficuky of obferving them, a certain contempt 
which we have for them on account of their little^ 

• See the following ariidc, 

VouIILN^32. Rr ct&t 
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nefs, or their figure makes us neglcft them^ or 
abfolutciy dq>rive us of them, Thefe are chUfiy 
infefts, and Ihclls, 

Who would imagine that ^herc i^ an animal 
which receives its nourifhmenr, and refpirts only 
it the amiy which has neither veins nor arteries, 
and has no circulation in it? Wc need not 
ipention its being a hermaphmdite, for ihtt b a 
wonder ?it prefent too common i but it differs 
from sUI the other hermaphrodites hitherto Icnowti, 
in its multiplying independently of another ani* 
ma! of its ownfpmes, and is itfelfalone both fa- 
ther and mother of what it produces* Here is a 
quite new idea of an animal ; it is che pond muf* 
de» the ftrufture of which, M, Mery has diko- 
vered, notwithftanding its fhape is fo odd> and 
difcourageing, on account of its exceffivc fia* 
gularity. 

What we may call the head of the mafcle* the? 
wc can fipd neither eyes, nor ears, nor congui; 
in it» hut opiy an aperture which may be caUed 
its mombt is an immoveable part, fattened to chic 
of the (hcllsj in fuch a manner, that it cannot go 
©ut to feek for nounflimcnt, but nouriflifnent 
mutt come to it. This nouriChment is noehil^ 
but water, which, when the fhells open* enters 
into the anus of the mufcle, which opens u the 
ia,me time, and pa lies thence into certain refer- 
voirs or canals contained between the interior fur- 
face of the fliell, and the exterior fyrface of tk 
animal, and at laft goes into the tnoath* when 
compelled by a certain morion. 

At the bottom of the mouth are two ca- 
nals to receive the water. One throws fede- 
ral branches into the body of the mufclev one 
of which terminates in the heart. The .other 
^ a fort of intefline, which flrft pafTcs through 
*' ' ' 3 - the 
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rfie brain, then makes fevcral circumvolutions ia* 
the liver, and at parting from thence, t raver fek 
the heart in a right line, and ends in the anis. 

This brain and liver arc fuch no otherwife than 
m we pleafe to call them fo, but the heart d^fervea 
that name a little better. It has a ventricle, and 
2 auricles v and the alternate motions of JyfldU and 
diaJisU in the ventricle and auricles ; but it has 
neither veins, nor arteries : the water brought to 
it by its canal, enters from the ventricle into the 
auricles, and returns from the auricles into tho 
ventricle, and makes a flight reprefentation of tir- 
culatian, without any apparent efFeft 1 for being 
once arrived at this heart, it has nO way to get 
out again* What muft become then of the quan- 
tity there coUe<5ted? Probably there is nocolleftion 
made, becaufe the animal does not make the wa- 
ter flow continually thro* the mouth into thi 
heart ; and when a certain quantity has entered, 
the contraftions of the heart fquetze it thro^ the 
pores, and drive It into the neighbouring paYtS; 
which abforb it, and are thereby nouriflied* 

The canal which M. Mery calls the iriteftlnfe^, 
and which, as welt as the other^ receivas^ the watet 
immediately from the mouth, does not feem fit 
to carry the nmirifliment to the parts, becaufe^ it 
has no branches to diflribute it* Howevcf it 
contains at its beginning and end, two different 
fobftances ; the fir ft of which may be water di- 
gefted, that is, the nutritious juices drawn froiti 
it I and the others may be the excrement* 

The mufcle cannot breath, tilt it is raifed upoii 
the furface of the water^ and it mfes itfclf lik6 
other fifhes, by dilating the cavity in wh?ch it 
contains the air. Then it is its dnu^ too that tt^ 
peives tlic air from without, and carries it into thj 
R r $ lungs. 
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lunga, for is is generally funk at the bottom of 
the water. 

It has ovaries, and fcminal veficles. Tbefc 
two forts of organs arc equally compofed of tubes 
..ranged by the fide of each other, all fhut at rfac 
feme end, and opened at the oppofite end. We 
do not diftinguiih thcfc parts by their ftrufture, 
which is all alike to the eye* but the difference 
c^ their contents, and fo much the more as the 
OFaries are always full of eggs in winter, and 
empty in fummer, and as the veficks are in all 
jeafons in like manner, but little filled with their 
miff, which confequcntly feems to flow out con- 
tinually. All the rubes difcharge thcmfelves into 
the anm^ and M* Mery imagines, that wlien the 
eggs are dcpofited in their ieafon, they cannot 
fail of meeting with the milt or feed which feiti- 
Jizes them* The animal therefore has no need 
pi another to aflift in its generation* 

M. Mny does not agree with the late M, Pe*- 
fart concerning the progreflivc motion of pond 
mufcks*. He apprehends, ihat their whok 
belly, which comes two inches out of their fhcHs 
whenfoevcr they will, in the form of a keeloli 
ftjip, creeps upon the mud, jutt as the belly of a 
fcrpeot does upon the ground. He defcribes die 
niufcles, whicht by their alternate contraitioos, 
make the whole play of this mechanifm. 

He is alfo of opinion* that tJie (hell of the 
jnufcle is not formed as M, de Reaumur ho^s found 
the fnaiUfhell to be formedf . Here the firft cir- 
cumvolutions are no larger in a great old fnail* 
which proves that the Jhell is not a member of 
the animal, and that it is formed by a fuccclllve 
Edition of foreign parts i but fome bands chat 
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,wc perceive/ on a mufcle iheU, are la^eft in the 
biggeft muliJes. . Befides the mu^le.has $ tcnr 
dons faftcned to the inner furface of its fliell ; if 
the (hells did not grow in the fame manner as the 
iBcflv thcfe which are faftcned at firft in ccrt^n 
.places of the growing mufcle, muft continally change 
their fattening to the laft growth of the animal ; 
and how could that be polfible ? The difficulty is 
confiderable, but perhaps it is no more than a 
difficulty. 
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Academy of Sciences at Pan\ for 
the Year 1710. 

I, Experiment I upon the elajiichy of the mr^ 
by M,C^ni * j tranjlated by Mr* Cham- 
bers. 

M Parent gives us fome experiments in thc 
. hiftory oi the academy for the year 1 708, 
whereby he pretends to prove^ chat the air has no 
fpring; bMt the point fcems of too much impor- 
tance CO be given up» either upon M, PanmH 
experiments, or his reafonings without fome fur- 
ther examination \ for it can never be too much 
conHdered, how liable we are to fall into erK»i» 
in drawing conclufions from one or two experi- 
(nenti, which may have fuccecded agreeably to 
our opinion i efpecially when chey go counter to 
^n eftabliflied doftrine, warranted by a muJtiiyde 
of experiments. 

My intention therefore is to repeat M. Parmih 
experiments, together with fome others tending 
to the fame matter, in order to which it may 
be neceffary to tranfcribe the account thereof, 

given by M. Fonfenelle, '* A very extraor- 

** dinary and furprifing experiment, agrees with 
** or rather proves this fentiment, M, Parent 
^* took feveral round glafs phials about an inch in 
** diameter^ and having long narrow necks, from 
^ 8 to 10 inches long, and a line wide % in each 
* July 1709* 
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of thefc, he put a little quantity of a diffeitnt 
liquor as water, wiae, fpirit of wiJie, oil of 
tartarj petrol and mercury ; then putting their 
necks thro' holes made in the receiver of an 
air-pump^ he exhatifted the air, after whidi 
melting that part of the neck, which was on 
the outfide, with a lamp, and twifting itaboot 
the weight of the ambient air qyickly fealed ic 
hermetically ; fo that there could be no 
doubt but the phials were all well emptied of 
ain At the fame time there were other like 
phials, fealed after the fame manner, but full 
of air, both the one and the other were laid 
upon burning coals, whereupon thofe fullof air» 
by the great augmentation which the heat muft 
have occafioned in the ftrcrgth of the fpring^ 
ihould have burll: with great noife ; wliereas^ 
in reality, they only mcked gently througk 
the aperture i and on tJie contrary, thofe whtch 
contained no air, but only a little liquor, made 
all a great detonation* and burft in pieces. 
Now, what becomes of the fpring of the air 
in this experiment ? The setherial matter car- 
ried by the fire into the former phials, cotiH 
not make fo great an effort againft rheir inter- 
nal parietes, by means of fuch fubtileand deli- 
cate particles* as thofe of air are, as by meani 
of more maffive particles of the other liquors, 
** Hereby we can eafily explain how moifture 
may produce thole extraordinary effeft?, com- 
monly attributed to the fpring of the air, nor 
need we any longer be in pam to undeiftand 
how fuch a fpring ftiouldaft in great rarcfafti- 
ons, whene the particles of air do not feem to 
touch, or bear upon one another ; but this 
perhaps would be to extend our confequences 

further^ than as yet may be allowed of. There 

<* is 
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Here follow my experiments, ^ 

cured 4 little glafs phials to be made wirh 
necks, like thole ufed by M, Farmt^ apd pe- 
pared after the fame manner. The fir ft was full 
of common air*, the idrxhaufted of iis^ir; the 3d 
full of air, with a little common water ; and the 4th 
empty of air, but con raining a little qiranrity of 
water, I fealcd them all hermetically, and lay- 
ing one after another upon the burning coals the 
confequence was, that the phial^ which contained 
nothing but common air, and which remained 
Ibme time without fhewing any effeft^ as beiF.g 
Ibmewhai thicker than the rtft, opened at a place 
where it was fomewhat ftretched before, and pro- 
duced a kind of hifllng by the air ilTuing from it, 
without any great violence. The fecond hid 
pretty much the fame etfcdl, but the hilTing was 
fomcwhac more confiderable, the part of the 
phial moft heated having ftretched fomewhJt 
further, and yielded more quickly. The third 
made a violent detonation, and burft into v^cry littJt 
pieces in a very fhort time* The fourth Jikewife 
burft with fome noile, and very quickly^ tho' 
only a very fmall hole was made in it. 

After this, 1 made 4 other little phials like the 
former. The firft, which was full of air^ remained 
on the coals a confiderable time, ere ic produced 
its eifeft; but it ftretched till at length it burft^ 
with a confiderable noife^ and difcovered a large 
aperturCp 

The fecond, which was likewife full of air* 
produced much the fame eflcft^ but with left 
noife, the part at which it opened was ftretched 
tnore, and the hole fmaller, 

The third and fourth, which were emptied of 
air, ilink inwards without burfting \ and cfpc- 

cially 



( 



i. 




koTAL AcAbt;MY ^Sciences, 3,53 

<f!ally die fourth^ infuch manner^ as that half the 
convexity which touched the coals became clbfcd 
cxaftly to the other halfj and only made a hollow 
hemifphere. The (anie Ihould always happeii 
in this ejtperiment, fince the excernal air, though 
much di tared by the heat^ muft prefs more ftrongly 
than the thin air included can pollibly rcfift, and 
confequently the part moft heated muft be driven 
inwards •, and if the fame did not hold in the firft 
experiment, *twas probable, by reafon there was 
air, or feme other matter enough left in the 
phial to tnakc it burft. 

Not being yet fnJly fatisfied with thefe expcri- 
.ntcncs^ I made 15 other little phials like thefor' 
mer '» an account whereof, and of the t'fFefts the^ 
yielded in the fire, follo^vs, 

The firft, which V;as full of common air, being 
laid on the coals burft in pieces in a very fliorc 
time, and with a little noifc, which had not beea 
found in any fimilar experiment before. 

The fecond, which was emptied of its aiiv 
melted without burfting» and turned into a hol- 
low hemifphcre, as above-mendoned. 

The third, which was full of air with a little 
water, burft quickly with a great noife. 

The fourth, which was void of air, but had a 
little water, burft in a Ihort time, with a nolle 
Ibmcwhat greater than the former. 

The fifth, which was full of water, remained 
but a little time on the coals ere it burft, and 
threw them all around with a very great noifc. 

The fixth, being full of water, exhaufted of 
aift its neck broke off, and it became a kind of 
coHpile, whi'^h continued a confiderable time % 
and tho* the fire were very vehement, the phial 
futfered no change. 
Vol. 111. N^.22. Sf Th« 
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The fevcfjth, being cxhaufted of air, had a Iktie 
coloured fpiric of wine in it, this burft almoft as 
foon as laid on the coals with confiderable noifc. 

The eighth, which was full of air, with a litde 
fca^rak in powder therein^ melted, and yielded a 
litde hole with feme noifc. 

The ninth, being full of air, with a Httlc fdk- 
petre^ made a fmall hole in a very fhorc time, 
With a iiule noife. 

The tenth, which was full of air, with a littk 
urine, bur ft in a ihort time, with a confiderable 
notfe. 

The ekvemh, having no air, but a little fait wa- 
ter in ir, burft in a fliort time, with a great 
noife. 

The twelfth, having no air, but a little au^ 
rumfulminans^ burft as fcon as laid on the coals, 
with a little notfe, 

Thc thirteenth, having no air, but a little ful* 
phur, melted and ftink inwards, without burft- 
ing, the lulphur alfo meked, and rofe to the 
top of the neck of the phial 

The fourteenth, being full of air, together with 
alittle lamp'Oil, remained a confiderable time on 
the coal, but burft at length with a confiderable 
noife. 

The fifteenth, was exhaufted of air, but had a 
little drop of mercury about a line in diameter 
therein, this remained 3 minutes on the coals 
without undergoing any change, and when it had 
been cooled, was laid on the fire again for 7 or 
8 minutes without any effeft, the mercury ftill 
keeping to the top of the neck, only a litde 
flaw was perceived in it. 

It appears therefore, that all thefe CKperimenBt 
inftead of deftroying the fpring of the air, tend 
rath^i^ ^^ cgofiroi it; but it likewifi; appears. 
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that neither the fpring nor the dilatation of the 
iccludtd atr> are the immediate caufc of the 
noifc and frafture of the gUfies •, fmce fome of the 
phials, which were full of air^ burft without mak- 
ing any noife i the reafon whereof may be, that 
the ftrcngth of the air's fpring, as well as that of 
•other bodies, confifting only in the unbending of 
its parts, and afting equally every way, and this 
fucccfllvely in proportion to theaftionof the fubtil 
matter. In its pores. This power diftributing it* 
felf thro' all the parrs of the^ phial it is contained 
in, that moft heated conning at length to inclt» 
yields and gives the air palfage, which accord- 
!y iflues out much after the manner as out of an 
eolipile; for that it does not dikte fuddenly e- 
nough to burft the fides of the phial ^ but when 
rhe air is mixed with other particles of matter 
fyfceptible of a great motion, and a quick and 
fudden dilatation^ it then produces the noife^ 
aboire-mentioned, and (hatters the veflel to pieces. 
We donor well conceive the mechanifm, whereby,- 
tliefe little particles of matter make this havock^' 
and it muft be confeffed^the fmalleft experiments 
are often fufficient to perplex a naturalift> who 
owns no other power, or virtue in bodies, but 
what arifes from the motion and figure of their 
parts. 

Not foreign to this purpofe, arc two other ex* 
pcrirnents, which prove the furprizing force of 
the dilatation of air, which thofe who deal in 
fuch experiments, will do well to obferve^ for 

fear of taking ha^'m, * An eolipile, being 

placed on the coals^ and the fire raifcd to a con- 
fiderable pitch, it flew from oiF the trevit againft 
the foot of a table, a yard off, with force fuffi- 
cicnt to batter it, and contintied whirling for feme 
time ^ft^f, 

Sf? The 
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The fecond experimenr was made iit the aca- 
demy Del Ctmento^ where a giafs tube was riken 
abpuc a foot and half long, whofc extremities 
terminated in two globults of equal capacity \ 
one whereof was open, as if the tube had been 
continped thro' it, then a quantity of brandy 
was poured into the tube, fufficient to fill the 
lower globule and half the tube i after which 
the aperture of the upper globule was fealed hcr- 
rnetically, the whole being plunged in a veflcl 
fall of oil, which was made boiling hoc» by 
continually blowing on the fire, the brandy rofe 
into the upper globule, and turft the whole with 
fo much violence, that ufing another time a cop- 
per vefleij in lieu of a glafs one, m bottom was 
broke out ; and another time when an iron reficl 
was made ufc of^ near the thicknefs of a crown* 
piece, it burft in like manner, and carried with 
it a Iplinter broke off from the pavennent. 

IL Ohfervafions of the quantity of wdter^ 
whtcb fell at the obfervatory during the 
year 1709, with the fate of the therms* 
meter and barometer^ by M* de la Hire *, 

The quantity of water which fell, either in rain 

Qt melted fnow was in. 

Un. Lin* 

Jan. 22 I July 18 S 

Feb. 13 i Aug. io i 

March ao I Sept. 2g t 

April 37 ^ Oa. 17 I 

May 32 Novenu i < 

June 45 « Dec* 11 Vi 

The fum of the w^ter of the whok year 1 705, 

is26t lines ^, or 21 inches, 9 lines ^, which is 
* Jan, B, 1710. 2 



SI little more than the mean yearSj which we 
have ^termin-ed to be 19 inches. 

We fee by thefe obfervatioaSj that the 3 months 
of JpriU May^ and June have afforded almoft 
as tnuch ^ater as the other 9^ and it is what geee- 
Tidily happens in June^ Jufyy and yfugkji^ and 
this is the reafon that the fummer corn, which is 
fown very late, lias yielded a great deal. The 
great quantity of Ihow, which fell during the 
winter, has perhaps contributed to the fertility of 
the land -, and if the wheat and rye had not been 
frozen in the roota this year would have beep very 
plentifuh 

The thermometer which I qfe for irieafufing 
the heat and cold^ is the fame which I have pre- 
ferved for about 40 years i but as it hag been 
placed at dilJcrent expofures to the heaven^ ex- 
cept for the laft 15 years, we cannot make a very 
exaA comparifou of the fir ft obfervations with the 
]aft. However all thefe obfervations being al- 
ways made at the day- break when the air is the 
coldert, we may conclude by them pretty exaftly 
[all that we can know by the means of this inftru- 
[meot, I fhall only obferve, that the judgment, 
which wecommoaly make of the co-Id, depends 
upon many particular circumftanccs, as the wind, 
the humidity of the air, the heat or cold of the 
precedir^g days^ the expofurc of the place where 
one is, and the conftitution of bodies, which may 
confiderably alter it ; therefore it will be always 
more furc to refer ro the thermometer* 

The cold, at the beginning of this y^r, was 
excefljve, with a great deal of fnow ; for my 
thermometer fell to 5 parts, the 13th and 14th of 
Jammry ; and the following days being a little 
rifcn, it returned to 6 parts the 20th, and the 
2.1ft to s \^ b^t afterwards the cold dimioiflied 

gradually. 
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gradually. This great cold was very fcoiible« 

for Ehc 4ih of this month this thermometer was ai 
45 parts, which is very near a mean ftate, which 
I have determined to 48 5 the 6th, it came to 
50 1 the yth, to 22 i the ioth» to g i and at 
h% the i3tb, to 5, It was without doubt this 
fudden change which appeared fo extraordinary, 
and what is ftill more furprizing is, that this great 
cold came without any confiderable wind, or it 
had only a gentle one cowards the fouth, and 
then when the wind incrcafed, and turned to- 
wurds the N. the cold Icffcned. This cold S. 
wind muft fiiew us what really happened in the 
countries to the fourh of us, where the fca was 
frozen in fome piirts of the coaft of PrGx^eHCf^znti 
where the greateft part of the fruit-trees, died as 
well aa in this country. 

I had never obferved this rhermometer to fall 
(blow as this year, I only find in my regifters, 
that the 6th of Fif^rtf^ry, 1695, the thermometer 
was fallen to 7 parts in the place where it is at 
prefent % and the cold of that year^ which had 
begun in 1694, was looked upon as one of the 
greateft that had been for a great while, but we 
ice that it is not at all to rompare to that of this 
year, I have alfo obferved fometlmea this tlier- 
mometer at 13 parts, but very feldom. 

The winter of this year lafted a great while 1 
for the 13th of March it froze again very hard, 
the thermometer being at 24 parts, and the froft 
beginning when it is at 32. 

We find in Mez^rayh HifV, of France^ that 
the winter of the year 1G08 was very long and 
very fevere, and th^t the greateft: part of the 
young trees were frozen ; however that year was 
very plentiful, altho* they call it the year of the 
great froft j but by the comparifon of thr plenty 

u4 
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nd of the lofs of trees, the laft winter muft have 
[ furpaffcd it. 

The thermometer was at the higheft M 63 
Lparts the nth of Jugaft^ half an hour after 4 ia 
I the morning* and towards 3 in the afternoon at 
"75 parts- In the mean ftare, it is at 48 degrees 
(m the bottom of the cares bf the obfervaiory , 
•The heat of this year has been much lefs than 
that of 1707, when the thermometer rofe toaK 
moft 70 parts, yuly 21, in the morning, and in 
the afternoon to 82, which is the hlgheft it has 
been in this country, without being cxpoJid to 
the fun- 
To compare the obferratlons of my thermo- 
meter with thofe that fhouid be made with M* 
Am&ntoni\ of which he has had a great many 
dillributed in fc\^eral places, 1 have placed €me^ 
which he has made with a great deal of care, 
next CD that which I commonly ufe i but as k 
had fcfved for feme particular obiervations^ I 
had not put it clofe to mine till laft May, We 
know that all M, /immtons*s thermometers have 
their 54th degree, or 54 inches , which marks die 
lemperature of the air of the caves of the obferva- 
tory, as in mine the 48di docs. I obferved then, 
that when M. Jmonim$\ thermometer was at 55 
inches, 8 lines, min: was at 63 parts v fo that 15 
parts of mine anfwer to 20 lines of M Antm- 
ims's. But when mine marked 28 parts Jaft De- 
cember^ M, ^?M?i/i?»j's marked 51 inches, 6 lin. 
which gives in mine 20 parts below the mean 
ftate, and in that of M, Amonton^*^ 30 parts, 
which is a very different proportion from the firft, 
and might be caufed by the inequality of the io- 
fide of the tubes ; and as that of M. Amont&nsh 
is very fmall, and mine middhng» I ihould be- 
lieve that the inequality might be greater in 
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M- Anf&niens^ than in mine. However, wc 
may know by this, that we can have nothir 
very exad in the comparifon of thermometers in 
diffemnt countries, and for ihe fame time, up 
the thermonaeters have been re(5lified by one anoj 
ther in all forts of degrees of heat and coldt and : 
believe it will not ibe poffiblc to find two equal 1 
that is, of which equal degrees in the divHioB 
anfwer to equal degrees of heat or cold. 

As for my barometer, it is always placed 
the top of the great hall of the oblervatory ', 
found it ac the higheftat 28 inches, 3 lines | Jan^ 
ig, with a calm and lerene sky, which was abou 
the time of the greatcft cold 5 and the 3 j ft ol 
December^ it was at 28 inches, 3 lines f, withal 
very thick fog and calm. It was alfo ieveral 
times beyond 28 inches, with different winds,; 
partaking rather of the N. than of the S- andl 
always without rain* I obferved this barometer 
at the loweftat 26 inches, 7 lines |^ with a ftrongj 
fooch wind, and moderate rain, Dec, 16, The] 
difference between the grcatell: and leaft heights 
of die barometer, was therefore i inch, 8 lines,] 
which is a litde more than the mean difle fence j 
that is obferved here, and is i inch, 6 lines. Thisi 
inftrument was pretty cxad in foretelling r^'ra] 
and fair weather, according to the common no-i 
tion. 

I obferved the declination of the loadftonc] 
with the fame needle of 8 Inches long, and m 
the fame place where 1 ufed, and as I have ihe wed 
in the memoirs of the preceding years. The 
24th of Dec, laft, I found this declination 10^ 
30^ toward the W. from whence we know that 
this declination increafes ainloii the fame quantity 
each year« 

ill. 
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ill. A comparifon of the obferoattom which 
we made here at the obferuatory on ihe rain 
and winds ^ with thofe which M. le Mar- 
quis de Pontbriand made at his cajile near^ 
S. Malo, during the year 1709^ by M. de 
la Hire*. 

it is for fome years, that M. du Torar has 
communicated to us the obfervationsj that M. 
ie Marquis de Pontbriand makes at his caftle, in 
the fame manner that I make them here, upon 
the rain. He found, that there fell in melted 
fnow and water in the month of 



Lines. Li\ 



tnesi 



Jan. 


33 i 


July 


18 


Feb. 


17 i 


Aug. 


5 


March 


30 i 


Sept. 


5 


April _ 


30 1 


Oetohi 


14 


May 


26 i 


Nov. 


3 


June 


ni 


Decern^ 


>7 



and during the whole year 225 llneSj or 18 in^ 
ches, 9 lines. 

This quantity of water is lefs than what we 
found here^ which was 2 1 inches, 9 lines^ and 
this is extraordinary ; for we had obfcrvcd the 
preceding years that it rained much lefs here than 
in that country, which is upon the border of the 
fea. 

We fee by the memoirs of M. de Pontbriand;^ 
that the hard froft began fome days fooner in 
that place than at Paris ; but it fnowed here at 
the fame time with a N, W. wind. There wa9 

* March i, 1710. 
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bat little wmd at Paris^ and that was towards 
the fouth. 

The month of Jan. gave there 33 line f of 
water, and at Paris on\y 22 lines'^. * Tiw me- 
moir lays, that the hard froft dimihifned at ^ end 
of J an. and began again in 'Fc^. and' that the mght 
between the 23d and 24tb, it was as hard as from 
the 6th to the i8th of Jan. At Pafis^ Itlxgan 
again alfo in Fi?^. pretty near the fame time ; but 
it was much lels'than \njan. 

He adds alfo that the winds were very vident 
at N. W. but at Paris they were only very 
gentle, and toward the S. 

He fays, in fine, that the cold has not been fo 
great with him, as in the middle of Bret agne\ 
which muft appear to have been fo, becaufe of 
the proximity of the fea, the humid vapours of 
which abforb a part of the great cold, as ,we 
learn ffpm all the . experiments ; for during the 
hard frpft, the air is extremely dry, and' as fooa 
as it becomes damp, it thaws. 

I (hall alfo here obferve'that I faw, ia 1679, 
in the king's garden at Brelt^ fome very fine ana- 
nasy or pine- apples in the open ground^ and I 
believe they had paflcd the winter there; per- 
haps the maritime foil contributed to it, for I 'do 
not believe they can be raifed in this coudtry. 

In June they had at Pontbriand only 23 lines 
^ of water, and it Paris 45 lines | : alfo at Pa- 
ris the 25th and 26th, it rained 9 lines, and at. 
Pontbriand only 2 |. 

In Augujl we had a ftorm in the night between 
the iith and 12th,' with 7 lines f of .water, and 
they had none at P^»/^ni^«^. * ' ' 

In September we had again a ftorm here the 
night between the 13th and 14, which gave 9* 
lines of water, and none at Pontbriand •, btfidcs 

tfieic 
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tticrfe ftli fiftly 5 Imes of wker during this whole 
month at Pontbriandy and above 29 lines at 

IhiVW; the cjuantity . oF water itPonthriani 
^p*as 3 Krics \y and it Paw a little lefs than i 
lihef. \ 

Ip I5i?r; iiirc had here daring the night of the 
i^th and i6th a foi-t of hurricane. 

Iri gchcfah ill the winds of the year are a little 
aifferfehf: at Pbnibriand and at pG4'iSy arid pretty 
dftkn they tend more tb the N. at Ponibriam than 
ft( Pdrh 5 which may be occafioned by tfie di- 
ftfftidn of the Englijh cHanijcl, arid by ail the 
fcpafts of Germany^ DenHiatk aiid Norihay^ antf 
chiefly Wheii the wind conies between the N; 
4hd W. 

iV. A compart fon of my obfervations with 
thofe of M. Scheuchzer, on the rain and 
and conjiitutioh of the air^ during the year 
1709, at Zarick, Z;^ Switzerland, by M. 
dekHire*, 

M. SeheucBzel^ has ftfrt me the oli^ervirtfons 
(Hit Hi Hci^ made up6h ihe c][aanfnt]^ of waie? 
^fiicK fell af Zurick; wheYe fee ffayed daring the 
yeaf i769fv by ^hfclr we fte that the frrft fi'i 
irioik^ \ii^t given Binh i yi linlcsf i of ^ater, P^i- 
rh nfrc^ftrre, ?if\d the laft 2691thei, wftieh* make 
in all 390 f lines, or ^2 incfie'sy 6 lines f; but 
at Paris; ffr.-fe feff only ii itiehcs, 9 lifrts* f : 
be adds, ihxi i\m year h'aff fWnWhed r ihtfi, id 
4 fints rn'6>e than the pfecftling. 

By the ctfmpafifbh of thcfe obfervaitiiiAil Wd 

* Slay 24. i'7xo. 
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know, chat it rains much more in Switzerland 
%\\m at Paris, 

I had already remarked by the obfervations of 

the rain made at Lyom^ that it rained there mw:h 
moiC than at PariSj which I attributed to th^ 
mountains of Switzerland^ which are not very 
(.iiftant from it j and which is confirmed by thefe 
lad obferv^ations. For it Is not to be doubted 
but that the vapours, which arc fupported in the 
air in a fiat country, and are much lower than the 
high mountains, when they come to meet, ftop, 
and condenfe there in a cold feafon into fboW| 
which mult produce much more water^ being 
driven by the winds againfl: the rocks, than in 
the places where they do not ftpp at all ; and if 
the air is hot enough to hinder thefe vapours from 
freezing, they gather together and fall in raio, 
befidcs the fngw which then melts, and of which 
one part rifts alfo in vapour, caufes there very 
great rains. 

As for M, Scheucbzet*s obfervations upon the 
increafes and diminutions of the ri^er Linmgi^ 
they naturally follow thofe of the rains and melt- 
ings of the fnow in the feafon when that happens. 

He alio adds his obfervations upon the baro* 
meter and thermometer, where he Ihews that the 
greatcft height of the quickfilver of the barome- 
ter was 26 inches, 10 lines |^ the rgth of J&n. 
and the lowell: 26 inches the 20th and 28th of 
Feif, and confequently the difference was only 10 
lines -J-, as in the year 1708. 

The moft remarkable thing isj that my baro- 
meter was alfo at the higheft the 19th of 7^;!. at 
28 inches, 3 lines j^» with a calm^ which is the 
fame day that it was at the higheft at Zurid^ 
and that the difference is 17 lines ; and if wc 
\vould conclude from hence the different heights 

of 
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of the places where thefe obfervations have becft 
made, in fuppofing for one line of this difference 
,12 toifesj 3 feet J aa I have determined in ihefc 
quarters, we fliould fay, that the place where M. 
Schmcbzer obferved^ is higher than the middle 
of the obfervatory where my barometer is, by 
%ii Eoifes |« But the different heights at which 
we fee the fame quickfilver keep in different tubes, %* 
altho' in the fame place, may leave us fome fuf* 
picion of the true difference of the heights of 
fhefe places. 

As to the leaft heights of M* Scheuchzir^^ ba- 
rometer, which was at 26 inches the 20th and 
28tbof Feb, it does not altogether agree with 
mine in the fame days 5 for Feb, the 2Sth» I had 
27 inches^ 2 lines, with a moderate wind, and 
confequently the difference of our barometers 
will be that day 1 4 hnes inftead of 1 5jwhich I found 
in the greateft height : perhaps our obfervations 
were not made in the fame hour, and the wind 
might alfo occafion fome akeration \ M, Scheucb* 
s^r does not mark thefe circumftances. ButF^^. 
?o, mine was at 26 inches, 10 lines, with a high 
wind at fun-rifing ■, thus the difference would be 
only 10 lines, inftead of 14 or 15 by the other 
obfer vac ions, and mine would be lower than it 
ought by 4 or 5 lines. Nor was my barometer 
at the loweft on thofe days, for I obferved it 
Hec. 16, at 26 inches, 7 lines |, with a high 
fouth wind \ thus the quick fikcr of the baromc- 
t<!r has much greater aheratiansat PanSy than at 
^^Zurick in Swiizerhnd. 

^B I think we might attribute thefe forts of inequa- 
Clitics, to particular caufes 5 for it is not probable 
that they can come from the different heights of 
the atniofphere, which make the weight of ir, in 
places not very diftant from one another. May 

we 




3&6 Ti^HnTon^M0Mtfi6ik$^%i 

•wictim believe, that when there is a high Wind and 
many clouds^ and chiefiy in che mcrt3ntaffis» as in 
Smizrrlmd^tht wind fhouldcomprefs and cofidehfe 
jhe air incloftd between the fartac^e t>f the eart*, 
-the rtK;ks and the clouds ; fo that it will then make 
amach flronger impreflion iipoti the quickfilw 
ftf che barometer, than if there had hot been any 
wiod? But as in ihefe forts of phceis, wbf^ 
there is a grrat de;il of water* it is feldom tter 
they have ndther winds nor cloads, lb :k- 

filver of the barometer will for chefe ti:ui^..i=. up^ 
port itfetf there almoft always higlitf thaii in the 
plains. 

1 can fay nothing to M. Sci^u^ztt^s obfara- 
tioQs of the thermomecsr^ akho* I hjtv^ one of M. 
jim&Mm}% like his, which is a thick : 
with a little quickfilv^r^ which rifes tuu. ^ ...;-. 
tube open at th^ top, as he had tonrtrtifted tfert 
to make the experiment of boiling waret-^ but I 
never make ufe of it^ bec^iule it is ftibjeft to fht 
fliSerent changes of the weight of tht air* 

V, Qftbf necejify of etntrmg iteff the ^^'^^ 
gtafs&f a tele/cope, hy M. Caflinl thtj 

For the obferving the apparent diftanf^ 6? 
the ftars^ they formerly made ^fe of drdti, 
ftmt-ciicleSj or quadranrs, divided into degrrtS 
tnd minutes, and furnifhcd with four fightfi erf 
which two were fixed and pticed^ one ar th^ be- 
ginning of the divifion, and the other diimetn- 
cally oppofue. The other nvo were born upon t 
rule moveable about the centre of the intbiiiHtot, 
by the moderns called alhidade, 

Since the invention of telefcdpes» they YaM 
fobftinired to the fights two tddcop^s, one of 

* March zd. 1710. 
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which i^ fix^d upoti a, line pirall^ to thft ra^Hm^^ 

which paflcs through the beginning of tli«; di¥ir< 
IfQp, the other is placed upon a Rile whicH iuxtm 
about the. centre t They pUcc a,t the/^^ of thci 
objcA-glajTe* of tjiefc telt^feopeg, two thrc3i;bi 
which crpj(s one^nplheT in th<?*a«^iJ, at- right aa^. 
gles^ one of which is paralbl to tho pUne- of tho 
inftrurnem^ and; the other is perpendicular, to Jr. 
"j^hey pu? the eye-glafs into a tube^ w>hkh:finksr 
into that of the telelcope, fo chat the threap 
which crofs one another are at it$ fofm, that tbeif 
intcrfeftion may b^ wcU diftingmfhtd^ 

Thefe td^^fcopes thus difpofcd have a great ad? 
v^Ettage over fightSji becaufe we diftinguifti by 
their nie;ans the tecrcftrial and c^leftial objqdsi with 
iiiuch more perfpicuity, andobferve moreexadly- 
their dillance between themfelves* by placing- 
them cxaftly in the inter fcft ion of the threads; 
which crofs one another at their focus at right:j 
angles; but it is neceffary, that the objeft-gLdrcs 
be well centred, that is to fay, that they be ererjr.i 
where of equal thicknefs at their circumference* 
F^or let, I, 2, 3, 4 *, be the tub^ of a.teiefcopc^ 
which has at one end of its extremities an objeA- 
glafe A, B» C, D well centred, fo that the centre 
E of this glafs be exqiiSly in the axis S, E, I^O» 
of the telcfcope j let there be at the other extre- 
mity an eye glals G H^ of which let the centre 
I .be aifo in the ^xU of the telefcope. Let S be a . 
very diflanc objeft, out of which proceed the raysi 
SSt S D fuppofed to be parallel, which falling 
ypon the furface of the glafs BD, are refradcd 
and reunited in the axis in L, which is the inter- 
fe£tion of the two threads of filk M N, PR, 
which cut one another at right angles, and of 
which M N is vertical J and P R horizontal We 

• Pkcc VL Fig.,t. 

fuppofe 
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fuppofe the point L to be placed to the fitus of 
the lens G^H* in fuch a manner, that the rays 
G L, H L, which proceed from this poiat» and 
fall upon the furface of the lens G H, are re- 
united in O. The eye being at O will fee the 
objeft S in L in the axis of the telefcope, and 
confequently in its true fitoarion. 

If we move the objedt-glafs ABCDtoabcd^ 
fothat the centre of the glafc be* for example, in 
F I then the rays, that proceed from the objed 
S, will be reunited at the point T^ to the extre- 
mity of the axis S F T, which paffes through 
the centre of the glafs F, and the rays which 
proceed from the point T, and fall upon the eye- 
gkfs G H* will be reunited at the point V, where 
the eye being placed, will fee the objeft S in T, 
in a very different firuation from that where it 
appeared, when the objeft- glafs was at the centre 
of the telefcope. 

If we now fuppofe, that we would obfervc the 
diftance between two ftars with two telelcopcf, 
one of which has its objeft-glafs well centred^ and 
the other not i if we incline the inflrumcnt to 
obferve the apparent diftance of the two ftan, 
the well-centred telefcope turning by this motion 
about its axii^ the centre E of the obje^^t^glafi 
rcfts in the axis of the telefcope, and ks f&cus falb 
upon the point L the interfeftion of the threads ; 
but the centre F of the object- glafs not well ccn- 
trcd* will, by this motion defcribc a little circle 
about the axis E L of the telefcope, and the point 
T, where the rays are then reunited will defcribc 
aHb a like circle about the centre L •, fo that the 
apparent diftance between thcfetwo ftars obforcd 
with two telefcopes, one of which has its objoS- 
glafs well centred, and the other not, will not be 
their true diftance, and will be fubjeft to ii 

krifi 
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larkies, which cannot be remedied, but by cen- 
ring the two objeft-glaflrs exaftly, or direfting 
them one upon tlie other to the fame object, which 
comes to the fame thing. 

VI. Ohfervations on the bezoar^ and on other 
Jubjiances which come near to it^ by M. 
GeofFroy, Junior, 

The bezaar is thought by feme to derive its 
name from the Per/i^n word fnzar or fazan^ 
which fignifies a goat : and according to fome 
Others^ it comes from the Hebrew or Chaldean 
word biluxaar^ vi\nQ\iti^m^^s count erpoifcn. 

The firft ftones, known under the name of ij- 
x&ar^ were brought from the eaft. After the 
difcovcry of America^ there came fome, which 
bearing fome refemblance to the former, both in 
ftrudure and virtue, had the fame name alfo, 
with this difference, that the firft are called orien- 
cal^ and the others occidental bezoars. There 
are other ftony fubftanccs alfo taken from animals 
and difpofed in ftrata, which have been called 
bezoar^ with the addition of the name of the ani- 
mal, as bezoar of the ape, and bezoar of the 
cayman. Some taking the word bezoar in the 
lignification of counterpoifon, have applied it in- 
differently to all fubftiinces endued with that vir- 
tue ; hence it has been given to chymical compo' 
fitionsy as mineral and jovml bezoar. Others 
have called the powder of the heart and liver of 
vipers, animal bezoar. The name of bezoar or 
bezoartic^ has alfo been given to fome artificial 
powders or ftones, in which bezoar is an ingre- 
dient. Such are the different bezoartic powders, 
the countefe of Kmt% powder, the ftones formed 
of this powder, and the Goa ftone. 

Vol. 11LN^33, Uu As 
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As the bezoar has been obfervsd to be difpofed 
iti Jlraid^ the name has been given to a fort of fi^ 
gurcd ftone^ found in Jmrrua in feveril places, 
to which alfo the fame virtues arc alciibed. There 
are bezoars found aJfo in Jiafy\ Siafy^ fevetal 
parts of France^ and efpeciallf in Lmtgndoc. 
' Thefe am the different fubftanees in gcncfal, 
which we know under the name of ^tz^ar. Bat 
properly fpcaking^ the bezoar is a ftony fuhftaooc 
taken from fome animiil, cotnpofed of fcvcral 
ftraia^ or coats like onions, ahd endowed with 
fotne power of refifting poifon. The two pfia* 
dpal fpecies of it are, as we have ftid, theoricil* 
tal and occidental. It is not cafy to diflinguiih 
what animals they are that produce them i be- 
caufe what agrees with only one of them, may 
have been afcribed to both. We know \n gt;nertl» 
that this ftone is found in the ftomach of a fart 
of wild goat which browzrs upon aromatic planft. 
If wc may believe Tavemier^ there ane krcaS ■ 
found in the fame animal, as may be known by | 
Feeling, Thcfe ftones are of different fhapes and 
fizes : fome are fhaped like a kidney -, others ait . 
roundj or oblong* orof an irregularfigtire, Ea<A I 
ftone is compofed of feveral p Kites, and formed rf 
a grceniflt or olive-coloured fubftancc, IpeckW j 
with white, Thefe plates adhere to each other h I 
fuch a manner, as toflicw upon breaking fevtra! " 
firaia of fubftances of a different chickncfs^ m& J 
Ibmetimes of a diftrent colour* In breaking I 
thefc ftones, Ibnie plates part with great evennciV 
froiTi the reft. The lame thing happens upon J 
rubbing them pretty briikly- The trrlddie w I 
centre of the ftone is comm6nly a hard, gravtHy, " 
fmooth fubftance. The bezoartic Jirata^ which 
tover this mafs, are cafrly crafted by tht teetft, 
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and ftick to them as if they 'were fomediing glu- 
rinom, and tinge the fpirtle. 

They kindle eafily in the fire, and fcem to con- 
tain fome volatile fklt and oil. The matter whichr 
remains is like the caput moriuum left in the tp* 
tort after the difti'lation of animal fubftanccs, 
Thefe ftones arc very fmooth on the ouifide, buf 
fometimes a little rugged, and like Ihagreen in 
fbme of iheir circumvolutions. They arc pretty 
tender, and give a yellow, greenifht or olive* 
coloured tioge to paper rubbed with chalky ccrufej 
or lime, on being drawn pretty hard over thenr^ 
faccaufe they wear away, and leave fome of their 
parts upon thoie materials, I have fteepcd 2 of 
riiefc ftones cold V i in water, and the other in 
fpirits of wine, for 12 hoors, without finding 
any alteration in them. I have left the fame 
ftone in water for feveral days, and there came 
only a little matter from ir, which juft troubled 
the water, and yet the water or fpiric of wine had 
penetrated both of them* 

In the great number of bezoar ftones which I 
have opened, I have found that many, as fome 
authors relate, had chaff, hair, marcafites, ftones, 
or gravelly fubftances united together, and as 
hard as a ftone in the middle. I havealfb found 
talc, wood J kernels almoft like cherry ftones, alfo 
rnyrobalan ftones, quarters of other fruit-ftones, 
fcernels of r^^, and kidney-beans inclofed in a 
coat, or outer membrane, hardened by the mat* 
ter which has lormed the bezoar, and having their 
awn membrane drawn back, and dried, after 
having been fwoln. In others, the firft coat of 
tlie kidney- bean was confumed ; and the ftones 
founded like eagle- ftones. I have attempted to 
prick fome of thefe ftones with a red- hoc needle 
to ft;e whether they were counterfeit, but it did 
U 2 not 
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ot enter, and only imbrowned the place whepe 

lit was applied ; which authors propofe as one of 
the principal marks by which the good bezoar 

1 may bt known, imagining that thole are to be 

ircjffted, in which kidney-beans are found, which 

[ they look upon as a proof that they have been 
^Ifified by the people of the coanrry. 

They advife us to choofe the bezoar in ftones 
of a middling bignefi, of a brown colour, turn- 
ing quick hme yellow, and chalk grecnj not 

i diflblving in water, and not rifing in buttles 
about the part pierced with a red-hot ironi for 

I that would fliew it to be mixed with fome reOns, 
The plates alfo molt be fine, difpofed in Jirata^ 

' and the ftooes muft be taken from animals which 

Jive upon the mountains, fuch as thofe of Perfia, 
After all it feems pretty difficult to me^ to coun* 

* terfeit the bezoar ; and with a little practice we 
may eafily dilcover the cheat, if there is any. 

\ For if it was counterfeited with plafter, or any* 
fuch like matter, it would not change either with 
the fire or water, it might colour the quick-lime 
with any tindurc that was given it ■, and, in a 

jword^ undergo all the proofs, though it was 

[counterfeit. 

Nor is it to be imagined, that in order to 

I counterfeit them, they pick out all thefe different 
fubftances which fervc as a bafe to th^ Jirata^ of 
which they are compofed, fince they need only 
begin a litde ball of the fame pafte, which pro- 
bably is not fo rare, that they have occafion to be 
faving of it* 

I think the fubftances inclofcd in the bezoar 
ferve perfeftly well to inform us of the manner in 
which it is produced, as is obferved by TavirnUr j 
who tells us, thefe ftones are formed about little 
buds, or tops of the branches of a plant : thefe 

buds 
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buds of Tavernier may be the kidney-beans fpokcti 
of by Monard^ which I have obferved. Thelc 
Iblid and undigefted bodies remaining In the fto- 
mach of the animal, may irritate its gfands^ of 
which the Jymph thickeBcSd wjeIi the leaven of the 
ftomach, ftill loaded with the juice of the aroma** 
tic plants on which it has juft brouzed, may have 
been able to form the firaia^ lb fmooth and cx- 
adly unitedj that art would find a difficulty in 
imitacing it* I obfcrve alfo, that whatfoever body 
makes the centre of this ftone, the fir at a of ir arc 
fo fine, and fo well turned, that the ftone out- 
wardly takes the figure of the fubftance contained 
within. 

If^ for example, there is a ftraw^ the ftone 
will be longs if i^ is a ftone, it will prefervc the 
figure fjf it \ if it is a kidney -bean, the radide 
will appear on the outfide*, and a line which fe- 
paratts very diftioiftly the 2 lobes of the bean; 
in fliort, we may know by the ftiape and weight 
of ihem, what they contain. Thus, as in the 
choice of fo precious a fubflance as the bezoar, 
we h.ive not the liberty of opening alt, after 
having been well affured of a certain number of 
the moll doubtful, upon which we fhall have 
mide the preceding experiments, we muft refer 
to the fight and feeling. By the fight we examine 
the colour immediately, which muft neither be 
too pale, nor too deep \ in the fecond place, the 
fiienefs of the grain, the fmoothnefs, and the 
cliifenefs of its texture, which keeps the plates 
from rifing eafily above one another, \t muft 
aUb be oblcrved, that they have a regular ftiape, 
as of a kidney, a bird*s egg, or fomething like 
thcfc. The touch may alfo juige of the matter 
inctoled within the bezoar, which we may eafily 
determine by the weight of it. If, for example, 

the 
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the besjoar is heavy, th^ bafis will be a ftooe, or 
fpme other matter, which fills up the grcateft 
part of it 5 but if it is light, it will be hdhm 
within, or contain only Tome light matter, ai 
hair, or fome of the vegetable fubftances already 
mentioned. The flones which rattle| f|iew there 
is a frqit wiEhln, which being dried, rakes up left 
room ; and fometimes It is rotted or broken into 
a duft, which fome authors greatly cfteem. 

I have alfo obfervcd, that when bezoars :tre 
ibaped like kidneys, are light and rattle, they 
have ufually a kidney- bean in the middle, Thofe 
which are lights round, and a little flatted, con- 
tain a round flat fruit, almoft of the fhape of a 
caffia ftone. Moreover, though thefc flones 
ihould inclofe a ligneous kernel, or even bits of 
wood, the lightnefs fhould make them preferable 
to fhofe which contain (tones, which alfo will be 
a great deal heavier^ provided the bczoartic mat- 
ter anfwers the other proofs. 

The whole preparation of bezoiir for common 
ufe in medicine is, lo reduce it to a fine powder, 
either to give it in fubftance, or to make it enter 
i|it;o fome compofitions, obfcrving to powder 
onjy the bezoartic part, and to feparate all the 
foreign matters which may be found in the heart 
of the bezoar, efpecially when they are ftones or 
other fubftances, which have no bczoartic virtue. 

There is a great divcrfity of opinions about the 
animal which yields the bezoar. It appear?, that 
the oriental, which js brought to u^ from E^pt^ 
Piffijiy India ^ and Chinas is produced by a fort 
of goatt exiled by the Perf.ans^ Pazan^ or by a 
wiki goat of a larger fize than ordinary, as nimble 
as a flag, with its horns reverfrd on its back, 
Whence Clufius calls it Ca^rhcrva. 
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[*hat which is brought from America^ is pro- 
"iJuced by a fort of goat, which is not at all, or buE 
very little different from the oth^r, except in its 
hbrns. 

The diifercnt opinion of authors concerning the 
imes nnd figure of this animal make me bclievct 
that thefe ftones may be found in feveral fpecic5 
of animals, and that each has defcribed what he 
1 has feen. The fame reafon may ferve to prore 
! the caufe of the di^ereni colours of the bezoan 
The occidental betoar is eafily diftinguftiedby 

♦ its being paler. It is fometimes of a light grey, 

• ingendered upon foreign llibftances, like the ori- 
dital bezoar. The plates are fometimes thicker 

Iind ftriped in their thicknefs, 
I The foffil bezoars are a fort oF ftones formed 
m/r^/<^, having the figure of the animal bczoan 
[ihcy are ufually of a light grey, ihiiv Jimt a ^rt 
rery thin, they have no fmell, and are ufed in the 
feme dilcafcs with the other bezoars. Amerkd^ as 
I have already faid, furnilhes us with a great 
many of thefe bezoars, as well as Iia!y^ and Ic- 
vcral parts of France, 
I Thofe who have treated of the bezoaTj as Caf- 
far Baubinm have comprehended under this 
name, a great many fubftances that have no re- 
lartion to it, which can only caufe conftifion in na- 
tural hiftory. If therefore we wouki range in a 
^_£onvcnient order, all that can partake of the 
^Hie name of bezoar, I believe it would be proper 
^to make 5 clafles of them. 

The firil would contaiti the true bezoars, whidi 
arc the oriental and occidental. 

In the fecond we might place all the ftones 
taken from animals^ which refcmble the bezoar tn 
their ftrufturc and Tcrtoe, as the bezoar of the 
ape, that of the Cayman^ alio the different forts 
of pearls, and the crab^s eyes. In 
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In the thirds the different forts of foflU b? 

Id the fourth, fubftances figured like the be* 
zoar without its virtues, as the human ft one, eicher 
of the bladder, kidneys, or gall-bladder, widi 
thofc which are found in the gall-bladder of oxen> 
and other animals. 

In the fifth, the egagnpilm^ which are a fort 
of balls of different figures, pretty light, formed 
of a mafs of hairs and fibres of plants, which the 
animals could not digeft. Thcfe fibres and hairs 
are fo interwoven as to form but one body, which 
refembles a ball of felt. There are fomc whicb 
arc covered again with a thin bezoartic cruft. 
They commonly grow in the firft ftomach of all 
ruminating animals, or in the ftomach of thofe 
which do not ruminate* Such arc the ftonc of 
the wild porcupine, and the other balls of hair 
[ ' found in goats, cows, oxen, and other animals- 

VII- yfe infeSi uponfnaih, by M. de Reau- 
mur; * trmipated by Mn Chambcri. 

All the animals hitherto obferved which live 
upon other animals, may be reduced to twa 
.kinds I for either they live on the external furtace 
of the body of the animal, as the lice found on 
quadrupeds, birds, and even fevcraj infcdls, as 
.flics, beetles, hornets, tsfr, or they live in die 
body of the animal, under which kind may be 
ranged the fevenil forts of worms which have been 
difcovered by dilTcftion in the todies of Icvcral 
animals* 

The new infcfts I have obferved on fnails do^ 

\, not come under either of thefe kinds, but b^ 

fomething in common co both i for it foaieiinics 
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habits the estrernal farface of the boily of the 
fnail* and Ibmetimes hides itfclf in the vifara 
I thereof^ 

^b' By the collar erf" a fnail is meant, that pare 
^■bhlch encompaff^s its neck* This collar is of a 
Hionntle fable thickncfs ; and •tis litde other than 
f the thicknels of this collar we perceive when the 
\ fnail fhrinks into its fhell, fo as neither to Jet its 

Nh^ad nor bafis be feen, of which you may con- 
fcive an idea by fig, 2, the triangular fpace B fi- 
rbate in the nniddle of the aperture of the fhell i*i 
a remainder of the baOs of the animal, which is 
[ furrounded on all fides by the thicknefs of the col- 
I lar ; and *ns on this part of the collar, that the in- 
fers we are to fpeak off are founds they are 
reprefented in the fame figare by the letters 
1 CCCC, £f?^. or meher by the dotted lines which 
; proceeding from thofe letters, terminate in thefe 
animalcules ; they are never eafier co obfcrve, than 
when the fnail is thus totally inclofed in its (hellf 
tho* they may be perceived in feveral other cir- 
cumftances. The bare eye without any afliftance 
of the microfcope, fuffices to difcover them •, but 
they are rarely ieen at reft, being rn a continual 
hurry, running about with great agility, which 13 
I fomewhat fingular; the motion of fuch kinds 
t of infefts being ufually very flow: 
^^ Notwithltanding the fmallnefs of thefe animal- 
Pfttiles, there is not room for them to go upon the 
upper fur faces of the body of the fnail, the (hell 
being too exa<5t ly fitted thereon ; but there is terri-^ 
tory enough bcfides to travel in ; the tnail giving 
them entrance, as oft as it opens its mius. This 
anus is likt'wife placed in the thicknefs of the col- 
lar, in the place marked by A i it is here repre- 
ft-nted fhot •, but the animal rarely comes out of 
its fhell without opening it 3 befidiiSi that k opens 
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It on feveral other occafions, it may be feen open 
in j%. 3' where it is alfo denoted by the letter A* 

It feems as if the little infe<5ls waited with im* 
patience for the favourable minute* when en- 
trance fhould be given them into the ample theatre 
of the inteftines of the fnail, at leaft they never 
mifs the opportunity of prefcnting thenrifelves 
when occafion offers \ gathering to the edge of ihc 
hole^ they immediately flip into the fame, rimning 
along the farietes thereof> fo that a few minutes 
aftetj not one infeft is left on the collar. The 
letter D in jfjf* 3. (hews fomeof thefe animalcules 
preparing to enter into the inteftines by the anuj. 

The eagernefs wherewith they endeavour to 
get in, feems an indication that this is their moft 
commodious place of refidence, how tbcti fliouki 
they come on the collar ? Tis poITible they never 
do it but againll: their inclination, of which the 
continual hurry they arc under feems a proof. _ In 
etfcft the fnail obliges them to go lodge there, as 
often as it voids its excrements 5 for thofc excre- 
ments poffefiing almoft the whole width of the 
intefl;ine, mult nca^ffarily drive before them every 
thing they meet in their way. The little infcfts 
therefore upon their arrival at the edge of the 
mus^ are forced to go upon the collar, and 10 
regard this operation of the fnail continues feme 
time they walk about all this while on the col- 
lar, as hiving it not in their power to re enter 
when they pleafe, in regard the fnail has fre- 
quently thut the door, while they were frilking 
Oil the outfide. 

What has been hitherto faid, may be obfervcd 
of all the fpeciesof lliails, iho* moft frequently of 
the lajge garden fnails reprefcnted in fig, 2 and 3. 
put diere are Ibme forts wherein this infcft may 
be dilcovcred, even in the middle of the inttf* 
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tines i as in the little fpecies of frmils reprefcnted 
by fis^ 4 ^"^ 5* The Chamderiftick of this 
fpecies is a kind of lid denoted by O, conlilting 
of a matter equally iblid with that of tl^ fiicll, 
and by means whereof the animal can inclofe ic- 
fclf all around when it pleafcs, as fea fnails do, 
whereas the collar of the common land-fnails is 
bare, unlefs in winter and ibme dry feafons, when 
they flop the aperture of iheir Ihell with a kind 
of foam which comes to a confiftence as it dries 1 
biit this occafional iid never adheres to the body 
of the animalt like that above mentioned j nor is 
it comparable thereto in folidity* Breaking the 
iheJi of one of thcfe litde fnsils about the place E 
fig, 4. and thus laying the flcin of the animal bare 
^ i^ fig* 5' t^^ infedt will be frequently dif- 
covered ia the very body of the fimil, by rcafbn 
this coat or fkin is tranfparent, and lets us lee thro' 
it, as thro' aglafs j the letter C reprefents two in- 
fefts, as viewed thro' the fkins of the fnaiU 

Tho' we find thefc infefts on all the fpecies of 
fnails^ yet not at all times indifJerentlyj and very 
rarely in rainy feafons. Not to give our felves ufe- 
kls trouble, we are only to look for them after a 
drought, which perhaps may be proper to hatch 
them, or even to prevent the deftru<fUon of thole 
already formed* When the earth is very moift, ths 
body of the fnail is faturated with water, which 
afterwards oozing much more vifcid thro* the col- 
lar and bafe of the fnail^ forms fevetal drops 
ihcreon, the fiiulleft of which drops fuffices to 
deftroy feveral of thefe infefts \ not that they are 
afraid of being drowned therein, as in a kind of 
little fea, this liquor is to them a folid body, an4 
each drop may be to them, what the fall of a, 
building is to us. I mean it may overwhelm and 
(fi^fh chen^ by its weighty whenever by the motior^ 
X 3? « q4 
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of the ftiail, one of thefc drops happen eo be tum- 
bled from one place to another. 

Be this as ic will, *cis certain that dryncis pro- 
motes their formation, as appears from the fol- 
lowing faft, which I have repeated feveraj times \ 
gathering fnails in moift weather, and aficr a 
carefal ex^uninatioQ finding no infects in them, I 
put them in veflils where the iofeof the watry hu- 
niour, continually evaporating from them, could 
not be repaired, and viewing the lame fnails fomc* 
time after, I never failed to find fevcral infefls 
thereon, having fometimes cold twenty on the 
fame animal. In 5 or 6 day \ I have (binetittics 
found a few, but in 3 weeks never failed oi % 
large quancityp 

The body alone of the fhail is a foil proper for 
thefe infefts, which are never fecn on the Ihell ; 
or if they be compelled thichcr arc nor long 'ere 
they recover the coUarj from whence they were 
driven. 

To the bare eye they ufually appear of a very 
white colour, though ibnie of them feem a li(tb 
brownifh, and others lightly tinged with red. 

A good microfcope is neccflary to perceive 
their fevcral parts diftinftly % by this they appear 
as in^* 6 and 7 ^ the former whereof reprefcms 
their upper fide, and the latter their under fide. 
The letter T in each figure ihews their trunks 
which however only appears in part in fig, 6| 
but the manner in which it bends under may be 
feen. This trunk in all likelihood fervcs tticm to 
fuck the fnail % ic is placed in the middle between 
two little horns CC, which are very movable, 
like thofe of other infeds, both upwards, down- 
wards, and laterally 5 and what is more, are ca- 
pable of extending and cgntra^ing, Ukc ibc 

horoi. 
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^horns of fnails, whence the animalcule is fre- 
qucfldy (^(^n without perceiving m barm, 

lis body is divided into ,6 annuU^ and the aa- 
tcrior part to which the trunk and horns arc 
joyned- It has 4 legs on each fidcj the 2 foremoft 
>v hereof are articulated to the anterior part; and 
the 2 hind ones to the firll ring; the fecond and 
third arc faftened further from each other, than 
rlae firft and fecond ; or the third and fourth : 
thcfe legs are befet with large hairs, and, feem to 
terminate in three or four points, much like the 
Ic^ of feveral kinds of beetles^ when the laft arti- 
culation is removed, which terminates in two little 
hooks. Their back is round, and raifed wifh 
regard to their fides, which are like wife rounded^ 
and have 3 or 4 large hairs upon them ; their anus 
islikcwifc furrounded with 4 or 5 hairs of an c- 
qual length i but there arc none on its belly, 

VIIL RefleBmn on the obferuathm of the 
Jiux and refiux of thi fea made at Dunkirk^ 
by M. Baert, projeffor of hydrography^ 
during the years 1701, and ijozy by 
M. Q'ASiniJun. * tranjlatedby M, Cham- 
bers, 

Obfervations of the ebbing and flowing of the 
ifai being of great importance for thp fecurity of 
navigation, and for the choice of times moft 
fuitable for coming in, or going out of ports, and 
it being withal of great confequence to the fci* 
ences, to learn whether rhcy have any conneftioit 
with the motions of the moon \ and whether the 
variations to which they are fubjcft, are reduci* 
ble to any rules, a circular memoir w.» drawn up 
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by the academy, and at their rcqueft, fent by 
the count di Pmtcbartrane^ into feveral ports oJ 
Ffdnci^ with orders to make cxaft journals ot 
fuch obfcrvations* 

Among others, M. Baert^ profeflbr of hydro- 
graphy at Dunkirk^ was incnifted with this cam^ 
of which he acquitted himfelf wich all theapplica- 

liori and accuracy that could be defired. — 

He chofe a place for his obfervations in the inclo- 
furcofthe admiralty, where the fea has no other 
tonfiderable motion, but that of the flux and 1^* 
flu^ ; here he built a lodge both for fceltcr from 
ihe weather^ and to prevent being difturbed in 
his obfervations: this done, he fixed a iquare 
tube * EFGH, pcrpcndictjlar to the furfacc of 
the lea, being compolcd of 4 boards c^en at bot- 
ttMTi in GH, that the water might enter firefly ini 
and rife to a level with the fea, and clofcd a- top 
in EF, by a lid E AF* which had a little hoie 
in A, 14 lines in diameter, thro* which pafled ^ 
^ wooden ruler T K, on the lower extremity ■ 
whereof was a little fquare board LM, fomewhat " 
blunted at the corners to prevent fridlion ; under 
which board was faftened a piece of cork 4 inches 
thick, which floating on the furface of the water, 
made the wooden rolerXK rife and fall according 
4S the tide rofe and fell. This ruler was divided 
into feet and inches, whereby to eftimate the in- 
creafe or diminution of the tide. * ■ ■ - We omit 
in this account feveral circumftances of this ma- 
chine, which {hews the great accuracy of M. Ba- 
trih obfervations, and are related at largic in % 
letter to father Gouye, 

It may be neceffary here to obferve, that all the 
rjieafures of the height of the fea were taken with 
regard to a fixed point, which is on a level witit 

^* the 
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tne top of the boards bordei ing the key, near the 
lluice of the bafon, direftly on the afcent cowards 
the citadel, which is a part of ihe key which the 
(ea never goes beyond ^ nor muft it be oinitted» 
that the dircftion of the canal at Dunkirk^ is 
north-weft by north, that its kngth from the 
mole-heads near the road to the place of obferva- 
tion is 1435 fathoms, and its breadth 36 tachoms 
at the mouth, and 16 where narrowcft; norwith- 
ftanding which, there is no confiderable difference 
between the time of high water at the place of ob- 
iervation, and that againft Rtsbanc^ as was found 
5 fevcral times, by the fineft days of fummer, by 

minute watches.- -For underftanding of what 

follows, it muft be obferved, that we call it high 
water when the flood is rofe to its greateft height; 
and low water when the ebb is fallen to its greatell 
depth- The greateft tides are thofe when the 
flood is the higheft pofTible i and the fmalleit 
tides thofe when the flood is the loweft poiUble* 

The journal of M. Baenh obfervations of the 
ides, begins on the 24th of Marcby 1701, and 
ndson the 31ft of May^ 1702 -, it expreifes for 
every day the height of the water in the time of 
flood, and fome hours before and after, with re- 
gard to the fixed point abovementioned, m- 
creafing in number downwards, in order to fifid 
the proportion between all the heights of tides 
which he had occafion to obferve. To find the pre- 
cife time he had drawn a meridian line with gnsat 
cxaftnefs, whereby to regulate his clock from 
time to time ; thus obferving the hour and mi- 
nute wherein the water was at the fame height, 
both in rjGj3g and falling, he took the middle 
between the two obfervations which were neareft 
the high water, the one before, and the or her after 
ir» for the precife time of high water, which he 

found 
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foand more convenient than ro make ufe of 
moter diftances^ having oblcrved in many expe- 
riments, that the fea falls fomewhat more flowly 
than it rifes. He alfo obferved the winds, and 
the temperature of the air on each day of obfer- 
vatiOHt 

As to the irregularity of tlie progrefnon ob- 
ferved both in tht: rifing and falling of the tide, 
M.6rt^^/ dares not determine, whether the wtndl 
be the caufe, of whether we are to fuppofe that 
the fea is moved by waves far dillant from each 
ether I and by others which loHow clofe together, 
* As to that balancing upwards and down* 

wart!s, obfcrved at each bigJi- water, he cakes the 
caufe to be natural ; , for as the fea in approaching 
the coafts meets with an obftacle, it may rifc a 
little above its levels which will oblige ic to rerurii 
again v and thus make a flow fort of vihmtionf 
near the place where the obftaclc is* which will 
fcarce be perceivable elfewliert, by reafon of ihc 
winds* 

To be able to compare the obfervarions of high 
water, and fee whether rhtir irregularity be redu- 
cible to any rule more certain than has yet been 
done-^ M. Baert has drawn a table wherein iscx- 
pre fled for every day from the 24rh of Manh^ 
1701, to the lafl pf Afay 1702, the moon*s pUctf 
at noon in longitude ant I latitude m two fcpa'axc 
columns •, her age at the time of high water in a 
third column \ the precife time of high water in t 
fourth ; the height of water below the fixed ptriiit 
in the fifth ; the moon^ patlage over the meridian, 
in th^^ fixth, and in the feventh^ and eighth, the 
dircdion and ftrength of the wind and flate of thfi 
weather. 

The firft thing that occurs upon confidering the 
times of high water at Dunkirk \% that on the 

dayi 
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days of full moon the flood happens about noon^ 
though not fo exaftly, but that we fomt'times find 
a difference of a whole hour, as may be obferved 
in th<i 1 5 fuccefli^e obfervations made thereof 5 chi5 
high water which came the earlieft, was on the 
19th of July^ at 24 minutes paft 1 1 in the morn- 
mg % and the lateft on the ijih oi Sepkmhr^ at 24 
minutes paft 12 in the afternoon, which gives a 
variation of an hour in the times of the tides on 
the days of full moon \ which variation being dit 
vided into 2, gives the mean rime of high water 
at Dunkirk^ about 6 minutes before noon. 

To fix ibme rule in this variation of the time 
of the tides, on the days of iull moon it miift be 
obferved, that the retardations of the tide from 
one day to another, b&irs fome analogy to the 
motion of the moon, whofe palTage over the m^ 
rtdian isrctatdcd about 49 minutes daily. On this 
footing, when the times of full moon concurs with 
the time of high water, there muft neither be an- 
ticipation, nor retardation, in the time of high 
"Lwater-, but when the full moon happens in the 
[fnoming before high water, the moon's paiTage 
|©rer a horary circle^ is retarded two minutes in an 
iour^ with regard to the fun \ and confequently 
I there muft be an equal retardation in the time of 
high water i whereas, when the full moon hap- 
pens after high water, the moon being not yet at 
its full, when the water is at its hcigi^t^ there 
muft be an acceleration in the time of high water 
obfcrvcd, 

Suppofing this acceleration, or retardation of z 
minutes in an hour* we have a rule for deter^ 
mining the variation of the tides on the days of 

full moon. For an inftance, on the 19th 

of Juh^ 1701, the high water was found at 24 
Vat, III N**. 33, Y y mi- 
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minutes paft 11 in the mornings which is the 
greatcft acceleration obferved by M. Baert \ and 
full moon for that day is marked in the alma- 
nack at 50 minutes paft rr in the evening; 
hence the high water in aft have gained about 24 
minutes, which being fubftraded from 1 1 hours, 
5+min, the mean time of the tides dx DnnkirK 
gives 1 1 hours, 30 minutes for the time of hig^ 
water, within 6 minutes of that found fay obfcrva- 
tion, — Again, on the 17th of Sept. 1701, the 
day on which the greatcft retardation of the tides 
was found, high water happened at 24 min. paft 
12, and full moon at 56 min. paft 5 in the 
morning, confequently high water, by the rule 
above afligned, muft have been retarded i z min, 
which added to 1 1 hours, 54 min . give 1 2 hours, 
6 min. for the time of high water, within rt 
min. of that found by obfcrvation. 

Ic muft be obferved, that whereas in the ob- 
fervation of [he igihof July., the wind was north- 
north-eaft -, on the 1 7£h of Septemhery it w^ 
fouth and very frefli at the time of high water, 
which might have contributed to the rctardarion 
of the tide; for the waves being driven by the 
tide againft the coafts of Dunkirk^ from north to 
fouth, their motion might eafily be remrded by 
the fouthem wind, which coming from Ihore, 
blew direftly againft thc^ tide ; furmifing froa^ 
this obfervation, chat the winds, according to their 
different dircftions, may occafion either accele- 
rarions, or retardations of the tide, we examined 
the obfervations made on the 1 5th of Nov. 1 you 
the day of full moon, the wind being at fouth, 
and very frefti, according to the rule above laid 
down, full moon having happened at 4 minuics 
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S'om n hours, 54 min. which gives the time of 
high water at 1 1 hours, 44 min* in the morn- 
ing, 16 min, earlier than in the obfcr\ration, which 
Bxed it at 12 hours, o min. In this obfervation 
therefore, as well as in that of September^ there 
was a retardation in the tide, which may Ukewife 
be attributed to the wind, which blowing at 
fouth-weft, muft have checked the motion of the 
tide- On the contrary, in the high water on the 
1 2th of Aprils 1702, full moon happened at 
o'' — 13' in the evening, and it was high water at 
11'* — 45' in the morning, the wind beingat north- 
north- weft, and very frelh* By the rule there- 
fore, high water ftiould have happened at 11''— 
54^, which is 9' later than was aftually obferved : 
j fb that in this obfcrvation was an acceleration, 
^^which may be attributed to the north-north-weft 
Hpvind, which blowing direftly on the coaft, con- 
r curred with the tide, and made it earlier than it 
^^would otherwile have been. 
He In the other tides, obferved by M. Baert at 
^^fiiU moons, the winds were either weak, or ib 

Nifpofed, that they could neither hinder nor pro- 
\oi$ the motion of the tide any thing confidera* 
ly, fo that no regard was had to the effefts pro- 
^^yced by them. 

Hi, When a like comparifon of M. Baeri^s obfer- 
^vations of high water for 1 5 fucceffive new moons, 
j from the Sth of Aprils ijoi, to the 26th of 
May^ 1701, we find, that the earlieft came on 
I the apch of Nov. at 1 1 20^ | in the morning, 

Nilie new moon for that day being at jo"^ 1 1' 
|n the evening v and that the lateft was found on 
t^ 27th of Jprily 1 702, at o — 47' in the even- 
-..^Pfi' ^ "^^ moon happening that day at 3''^ — 
^*jj^in the morning, the ditTerence between the 
Y y 2 times 
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dmes of thefe two tides being divided into two^ 
we have the mean time of high water at Dunhrk 
iti the new moons, at 12^1—4', which only diffcn 
US' from the mean time of the tides at fiill moon* 

This difference being inconfiderable^ high water 
at Dunkirk may be fuppoled In the new moonsi 
as well as in the full moons, to happen xt 
i i"^ — 54' in the morning 1 fo that ufing tl^ rule 
above prefcribed for deter m in mg the variations 
of the tides, on the days of full moon, we (bill 
have the time of high water on the 8th of M^^^ 
1701, at 12' — 15', which is within 20 min, of 
what was aftually obferved ; and the rime of 
high water on the 27th of Jpril^ J 701^ at 12'— 
30', within 37' of the obfervation, which, in 
fome meafure, reconciles thofe two obfcrvatiojiS, 
which were 1' — 26 diftant from each other 

As to the winds obferved at the time of high 
water in the new moons, they do not ieem to 
haften or retard the flood, fo regularly as was ob- 
ferved in the full moons, which may arife hence, 
that the motion of the tid*; arifes from a compli- 
cation of fcveral caufes, fome whereof may be 
unknown i btfides, that *tis difficult to afcemin 
the precife time of high water. The time while 
it remains full flood, without either fenBbly rifing, 
or failing, being according to M. £aen*s obfcr- 
vation, from 12 to 20, or 30', it mult be ob- 
ferved, that the tides happening on the days of 
full and new moons, are not ihe hightft tides 1 
but that the higheft happen i, 2^ or 3 days af- 
ter, as appears from 30 obfervations made there- 
of, only two of which happened the day before 
full moon i fo that upon a medium, one'' may 
fuppofe, that the higheft tide at Dunkirk 
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*^cns two days after new or full moon, as M. 

I Baen has obferved. 

HA' '*Tis commonly fuppofcd, that the higheft tides 

P*ft3ppcn in the new and fbll moons next the equi* 

noxeSf and yet by comparing the obfervations 

II made at Dunkirk^ we find^ that the higheft tide 
I happened on the 30th of Nev, 1701, when its 

height above the fixed point a day after full 
moon, was found 3 feet* 2 inches ; and on 
the 27th and iHih of Fe&, 1702, when it wa» 
found 3 teetj 3 inches. 

The great height of thefc two tidcSi \h true» 
may be attributed to fomc extraordinary caufe % 
for on the agth of Nov, 1701^ the day of new 
moon, the high water was found 6 feet, 8 in- 
ches, below the fixed point, which was one of 
the loweft rides that had been obferved j and on 
the day folio wing» it was found 3 fect| 2 inches, 
which, as above noted, was the higheft tide that 

I had been known at Dunkirk. On this and the 
preceding day^ there was a violent fouth^weft 
wind, which on the day of new moon, might 
have driven back the waters, and hindered their 
fifing to the ufual h eighty till returning with 
more impetuofity on the day following, they rofe 
even beyond their cuftomary picch^ and thus 
made a kind of balance \ m effcd on the next 
day, Wz, the firft of December was obferved 4 

j feet, 2 inches below the fixed point, which is 
above a foot lower than on the day before ; and 
_pn the fecond of December^ it was 3 feet, 11 in- 
'i:& higher than on the firft 1 whereas, according 
^to the common rule\ it (hould all along have 
been on the linking hand, lb that we may fup- 
pofe this alternate motion caufed by a violent 
|ou:h-wcft wind to have laftcd 4 days. 

Much 
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Much the fame fluiSuacion was obfervcd on die 
27£h and xSthof Fe^. 1702, when the height of 
ihe fixed point above the fea was found 3 ftet, 
3 inches i for on the 26th of Fek the day of 
new moonj the high water was obfcrved 5 feet, 
6 inches below the fame fixed point, occafioned 
by a great north- weft wind* On the 2 7ih io tKc 
mprning, the wind was fouth-weft, and at 10 
a- dock turned to north weft* high water oa 
this day was obferved 3 feet, 3 inches below the 
fixed point, which is 2 feet, 3 inches higher, 
than on the day preceding* On the zSth^ it was 
found at the fame height 1 but on the firfl: of 
Marcby high water was found 2 feet» 7 inche$ 
lower, than on the 28th of Fek. and on the fe* 
cond of Marcb^ it was a full foot higheri than 
on the firft, tho* it ihould rather have funk ; fo 
that here was a kind of vibration^ excepdng 
that there was no variation between the heights 
of the 27th and 2Sth of Feb. which might be 
owing to the winds fliifting fo fuddeoI)% from 
fouth-eaft to north -weft, on the 27 th in the 
jiiorning- 

We have fufficient grounds therefore to fup- 
pofe, that the winds may increafe or dirnioifli the 
height of the tides, after the ftme manner as they 
have been ihewn to occafion accelerations and re- 
tardations thErrein 1 and 'tis probable likewife, 
that the difpofition of the channel of the fea, and 
the fuuauon of the fliores, may contribute (kir 
Ihare to the producing variations very difficult t0 
be reduced to any certain rules, 

As the higheft tides after new and full moon, 
do not always happen at Dunkirk about the equi- 
noxes, it has been enquired, wiiether (bme other 
jajjlCa for inftances the different diftance 
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fro 01 the earth, might not contribute 

For fuppofing- 



their increafe, or diminution. _ 

as we may very eafily do, that the caufe of the 
ebbing and flowing of the fea arlfes from the pref-' 
fion of the moon, upon the fluid matter betweeii 
the moon and the earth, it will folloWj that the 

i further riiftant the moon is from the earthy th^ 
kfs will this preflion he, and confequently the 

' tide the lower ; on the contraryj the nearer the 
moon is to the earth, the greater will be iti 
preflion, and confequently the tide higher- 
According to our theory of the moon, which 
gives an exa£l reprelentation of the motion of that 
planet, and its feveral diftanccs from the earth, 
fuch as found from the apparent variation of 
its diameter, 'tis fuppofed, that when the fund's 
place meets with the place of the moon's apogee^ 
the moon being now in conjunftion, is at her 
greateft diftance from the earth i and, on the 
contrary, at its fmallefl; diftancc, when in oppo- 
firion. About 6 months after, when the fan meets 
^ith the moon's perigee, the moon is then at her 

Ileafl: diftance from the earth in conjunftions, and 
lit the greateft in oppofitions % and when the fun 
p 3 figns difl:ant from the moon's apogee or pe- 
pgee, on each fide the moon is at the fame df* 
fcance from the canh, whether 0ie be in conjunc- 
tion or oppofition. 

If we now compare M. Baerth obfervationSy 
■Btiade when the fun was near the apogee and pe- 
P^igee of the moon, for about the mean diftancer, 
we fliall find, that the high and low tides, both 
in the new and full moons, correfpond to the 
different diftances of the moon from the earth % 
and that when the fun is in the meaii diftancei, 
the tides are pretty nearly of an equal height m 

tile 
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iHc conjundions or oppofitions immediately fol- 
lowing. 

For an inftancej in the full moon which hap- 
pened on the 21 ft of Marcb^ 1701, the fun was 
hear the moon*s apogee, being 1 7 degrees lii 
therefrom, the moon therefore being then in op* 
pofition, w^ according to our theory near the 
earth, and confequently the tide muft have been 
high accordingly. On the 26th of A/^rti, two 
days after full moon, the height of the fiwi 
point above the furface of the water, was 4 fccf, 
3 inches, which was one of the highefr tides that 
had been obferved. ^^-^^ And in the next new 
moon that hi^ppened on the 8th of Aprih the 
diftance of the fun from the moon's apogee 
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ther diftant from the earth than in tiic preceding 
oppoficion I whence it folio WS| that the tide muft 
have been lower, as it was obferved accordingly, 
the height of the fixed point above the level or 
the fea on the 10th of April being found 5 feet, 
8 inches. 

'Tis true, according to the common oplnjon, 
which fuppofes that the highcft tides happen neartft 
the equinoxes, the tide muft have been higher 
on the 26ih of March^ than on the loth of A- 
fril \ but for the fame reafon, in the following 
full moon of the 2 2d of Aprils the diftance from 
the equinox being increafed, the tide fhould have ' 
been lower than on the loth of April % whereas it ■ 
was really higher by i foot, i inch* conformably " 
to what fhould have been from the fituation of tht? 
moon, which was farther from the earth on the 
' 8th of yf/>r/7, than on the 22d : whence it ap- 
pears, that the higheft or loweft tides bear a 
nearer relation to the diftance of the moon from 
1 the 




the earth, than to the diftance of the fun from 
the eqaiDOm. 

For the eafier making this domparifon, we 
hsLve'drzwrmp the following table ; in the firft 
cohimn whereof are exprefied the days and hours 
dP the new and full moons } in the ad, ^e time 
of iiigh watrr oibferved at Dunkirk^ on the day!i 
^cf now and full nioon; in the 3d, the time of 
high water calculated according to the preceding 
rule I in the 4^h, the height of the fixed point 
aboire the Rtrface of the fea at the time of high 
water; in tli^gth, the fun*s diftance from the 
apogee of the: mopn ; in the 6th, the diilance of 
the moon from the earth, at the tinve of new and 
full .mmn, with regstrd to Ac mean diftance, 
which is- fijppofed to be 100060 parts ; in the 
7th,'- the day of tlic higheft tide ; and in-the 8th, 
the height of the fixed point above the furface of 
the fea. 
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ifi(^i, in the new end full moons at ptmkifk. 
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By this table it appears* that when the fun's 
diftance from the apogee of the moon is about 
3 or 9 figns, the height of the water on the day 
of the highest tide, is nearly equil both in coq« 
junftions and oppoficions. 

As to the lowed tides, out of the new and bll 
moons, they do not ufually happen in the cjua- 
draturcs, but i, 2, or 3 days after; fothatwc 
may fuppofe them at a mediumi to happen ^ 
days after the firft and laft quarter ; as we like- 
wife obferve, that the highcft tides commoBly 
happen 2 days after the new and foil moon. 

The loweft tide happened on the 8 th of Fii. 
1702, the high water being then 10 feet, z in- 
ches below the fixed point i and the highcft tide, 
as already obferved, was on the 30th of Novsm, 
1701, when the high water was 3 feet, 2 inches 
below the fame point i fo that the difference be- 
tween the higheft and loweft tides at Dunkirk 
was 7 feet. But what is further remark- 
able IS) that the height of the tides, whiph hap- 
pen in the quadratures, feems likewife to depend 
on the diftance of the moon from the earth, the 
flood being found higher when the moon is near 
the earth, and lower when fhe is farther diftant 
from it ; fo as the height is much the fame in the 
firft and laft quarter, when the moon is equally 
diftant from the earth. 

According to the theory of the moon, when 
the fun is about three figns diftant from the 
moon's apogee* the mopn in her quarter is 
in perigee, and in her laft quarter in apogee, and 
cofifequently the flood flaould be higher in the 
firft quarter, and lower in the laft, On the con- 
trary, when the fun is about 9 figns diftant from 
iJie fpoon's apogee, thy rpoon, if ip her firft quar- 

3 ^ ' VU 
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tcr, is in apogee, and in her laft in pei%ee j con- 
fojucndy hkl^ RWr TOnftjje lower in Ad^firft 
than in the laft quarter j and when the fun is 
cidier in the moon's ap^ec, or perigee, the moofi 
IS at anequaidiitance from.theie&rth,: boCblo the 
BrII: andrfaft (Quarter, and coniecpiendy the tides 
tfivA be equai ini C3^cb. 

But the agreement between '^ be^ts 6f the 
tides, and the difFerefit diftances of the moon 
ftdra the earth in the quadratures, will be more 
^y gbfef v^, by ineaqs <^ the following .Oi|>Ie* 
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If nowr we confider the retardation of rhe tides, 
[from day to day, we Ihalt Bod it liable co fewil 
'irregularities, there being a retardation of i^ — 5V, 
between the 2d and 3d of/^^ri7, 1701, and an 
andcipation of 30', between the 15th and i6di 
of Okober\ fo that k would be difficult to give 
rules for finding the time of high water daily at 
Dunkirk y within a few minutes of truth, as we 
have done for ihe days of new and fxill moon. 

Our firit enquiry wasj whether thofe irregularities 
bore any analogy to thofe of the true motion of 
the mobn, which gains or lofts, with regard to 
the mean motion j but finding, that they were 
frequently a contrary way, I have been obliged 
to look elfe where for the caufcs of fuch variations. 
- — In order hereto, we have compared the times 
of high water, obferved on the days of the qua- 
dratures, and find, that on the day of the firfc 
and lafl: quarter of the moon high water happens 
at Dunkirk^ nearly about the lame time . as we 
had before obferved, that high water happens 
nearly at the fame time in the new and full 
moons. 

Among the 29 obfervatlons made at the quadra- 
tures, that^ wherein the flood was moft accele- 
rated, happened on the 26th of Jugu/l^ lyoJt 

at ^^ ^1*1 and that wherein it was moft re* 

tarded, on the 7th of Deamber^ 1701, at 5^ — 

5S' : fo that there is a variation of i 27', in 

the time of highVater at the quadratures^ which 
is greater by 1', than that obferved at new and 
full moons. 

To aflign fome rule for this variation, we fup* 
pofe^ that the mean time of high water in the 
quadratures happens at Dunkirk at 5 — & in the 
evening, and to or from this time add, or fub- 
ftradl 2' for every houri which the time of the 

quadrature. 
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iju^rature, cxpreffcd in the alnfianack, antici-, 
pates oi comes behind this mqan time of high 

water. For an iaftancc on the 3 ift pf Marcb^ 

1 701, the day of the quadrature, nigh water was 

Owfervcd at Dunkirk at 5 36' in the evenings 

Now the laft quarter of the moon is fixed fop 
that day at 6 32 in the morning, by the al- 
manack ; and the difference between 6 — 32' in 
the morning, and 5 ' — G in the evening, the mean 
time pf high water in the quadratures is 10 — 34'; 
to whichj at the rate of z^ per hour, a,nfwer 21^1 
which added to 5 — 6', give ^ — 27' fpr the time 
of high water on the 3iu of March^ 170X, which 
is within 9' of the time obferved. 

The mean time of high water at Dunkirk^ in th? 
Iiew and full moons, being at ii*- — ^54' in thfi 
morning, and in the quadratures at 1 1— 6', we have 
^»^«-.i2/ for the interval between the times of the 
tides from the new and full moons to the quadra- 
tures, which is much lefs than that of the quadra* 
tures, to the new and fqll moons ; accordingly ^ 
greater retardation^ from one day to another, is 
obferved in the tides fuccecding the quadratures, 
than in thofe which fucceed the new and full moon^ ; 
the caiife whereof may be attributed to this, that 
the tides being lower about the quadratures, than 
about the full moons, the fea, which grows 
higher every day, as it approaches the new or 
full moon, fpends more time in furpafling the 
height of the preceding day ; whereas, from 
the new and full moons to the quadratures, 'the fea 
finding no obftacle, but being aflitted by its own 
weight, defcends with the greater velocity, and 
' confequently renders the intervals between the tides 
fliorter. 

After afcertaining the time of high water in the 
' new and full moons, and quadratures, we confi- 

VoL- III. N®. 34. A a a V dered 
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Rule firft. To find the time of high water at 
Dunkirk for the days of new and full moon, and 
of the quadratures. 

Find in the almanack the time of new or full 
moon, and of the quadratures, and take the dif- 
ference between this and the mean time of high 
water, expre,ffcd for the day of that phafis, the 
double of this difference will be the number of 
minutes to be added to the mean time of high 
water, in cafe the time of the phafis anticipate the 
A a a 2 mean 
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mean time of high water, or, on the contrary, 
to be fubftraftcd in cafe fuch time come after that 
of high water, the refult whereof will be the true 
time of high water required. 

For an inftance, firft, fuppofc the time of 
high water required for the day of full moon ia 
Jprih 1 70 1. ^ 

Full moon by the almanack falls on the 2 2d of 
Aprils at 5 —16' in the evening, the difference 
between this 5 — 16' in the evening, and 1 1^ — 54^ 
in the morning, the mean time of high water in 
the new and full moons at Dunkirk^ as laid down 
in the table, is 5 -—22' ; the double whereof, 
viz, id — 44'' is the number of minutes to befub- 
ftrafted from ii^'^--54, on account of the full 
moon's coming after the time of high water, the 
remainder is 1 1''-— 43', the true time of high wa- 
ter in the morning of the 2 2d of April. M. Baert 
obferved it that day at 1 1*"— ^^.4'. 

For a fecond inftance, fuppofe the time of 
high water required for the day of the firft quadra- 
ture of the moon in Aprils 1 70 1 • 

The almanack fixes the firft quadrature of the 
moon to the i6th oi Aprils at 2'' — 8' in the 
morning, the difference between which time and 
5 — 6' in the evening, the mean time of high 
vyrater in the quadratures at Dunkirk is 14 — 58', 
whofe double 30 is the number of min.to he added 
to 5^^ 6', by reafon the time of quadrature an- 
ticipates the mean time of high water. The fun), 
viz. s — 36' in the evening, gives the true time 
of high water on the 1 6th of ApriL M. Baert 
found it that day at 5' — 40', 

Second rule to find the* time of high water at 
Punkirk^ for any given day. 

Find by the firft rule the time of high water, 
th^ day of full or n^w inoonj^ or of ppe of the 

qudr 
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quadratures, immediately preceding the given 
day 9 to this add the retardation of the tides, cor- 
relponding to the difference between the given 
day, and the day of the preccditig phafis, the 
(urn will be the time of high water for the day 

required. To find the time of high water 

jmmedi.itely preceding^ or following that now 
found, we muft fubftraft or add tlie difference cor- 
refpondiag to 12 , 

For an inftance, fuppofe the hour of high wa* 
ter required for the 26th of Mdrfbf 1 701 . 

In the almanack, we find that the phafis im* 
mediately preceding the 26th of March^ is fuU 
moon, which happef>s on the 24th of Manh^ at 
8'^ — 36 in the mcrniogj the difference between 
" — 36^ in the morning, and j i' — ^54' the mean 
lime of high water at Dunkirk^ h 3' — i8*j the 
double whereof & — 36'', being addrd to 1 1^^—54, 
give3 the time of high water at 12 — i', on the 
24thof M^£3rf^, the day of full moon. To this 
add, 1^' — ^Q'\ the retardation of the tides cor-- 
refponding to two days after full moon, therefult 
gives the time of high water, on the 26th of 
March^ I'joiy at i — 31' in the evening, the 

I very fame as was obfcrvcd by M» BaerL 

To find the time of high water, which happened 
in the morning, and the fame day^ take the dif- 

rence between 1 — 30' and i * — ^14', viz. 19', 

hich fubftrafted from i^- — ^31', the time of high 
water in the evening, gives 1^—12' for the tiuc 
time of high water in the morning. 

For a fecond inftance, fuppofe the time of 
high water required for the 6th of Aprils ' 7or, 

By the almanack we learn^ that the third qua- 
drature of the moon, which is tht phafis imme- 
diately preceding the given day, happened on the 
|lft of M^rrr^j i^oi, at 6 — 3 2' in the mom- 

k : 
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kig* the difference between this 6^ — 32' in the 
iBorning, and 5 — 6' in the evening, the mean 
time ot high water at Dunkirk^ in the quadratuies, 
IS ID — 34' ; wbofe double 21' — 8" being added 
to 5 — 6'^ by reafon the time of the 3d quadra- 
ture comes before 5' — 6', gives the time of high 
water at Dunkirk, On the 31ft of Man- h^ ijai» 
the day of the lafl quadrature, at 5 — 27' in the 
evening, the difference between the giA of Msn 
the day of the third quadrature^ and the 6th of 
Aprils the day given, is 6 d.iys thf^ correfpond- 
ing retardation, to which in the tabic 1$ 6" — 12', 
which added to 5 — 27', gives the time of high 
water at Dunkirk^ for the bth of /ipril^ 170J, at 

11^ 39' in the evening. * To find ibc 

time of high water, which happened in the morn- 
ing, take the difference between 6' — la', and 
5 — 50', viz, i%\ which fubftnieled from 11'^ — 
39', the time of high water on the 6th of Apnl^ 
in the evening, gives 11^ — 17', for the true 
time of high water in the morning of the finic 
day* M* Baers found it 1 1 — ii^ this morning * 

Third rule, to find in any given month ihc 
times of the higheft tides» moll proper for cotcr- 
ing or coming out of the port of Dunkirk* 

Findj by the preceding rule, the time of high 
water for the 2d days after the new and full moons 
of that month, and you will have the time re- 
quired. 

For an inftance, the full mcon of the month 
of March^ happening on the 24th at 8 — 36' to 
the morning, we feck by the 2d rule the time 
of high water on the 26ih of Marchy which, in 

the inftance there given, is found at i* 31' 

in the evening. M. Baeri obftrvtd it high wa- 
ter this day at i' 3 1^ in the evening \ and the 

tide 
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tide was higher than in any of the preceding or 
following days. 

Fourth rule, to find the day and hour of the high- 
eft tide, which will happen in any given month. 

By the aftrononiical tables^ take the moon'sj 
diameter for the day of new and full moon ; i£| 
this diameter be greater on the day of the newrl 
than of the full moon, the tide will be highefl: 
this month 2 days after the new moon ; but if] 
the moon's diameter be greater on the day of full 
than of new moon, the tide will be higheft this 
month 2 days after the full moon. 

For an inftance, fuppofe the higheft dde re- 
quired in the month of /tpnl^ 1 70 1 ^— • 

By the table, we find the diameter of the 
moon, on the Sch of Aprils the day of new 

moon, to be 14^ 53^ and on the 2 2d of A* 

frii^ the day of full moon, to be 16'^ 24^'* 

confequently the higheft tide in this month will 
be on the 24th, which agrees with M. Baerfs 
obfervation- 

Fifth rule, to find the day and hour of the 
loweft tide, which will happen in any given 
month. 

Finds by the aflronomical tables, the moon's 
diameter for the day of the firft and laft quadra- 
ture, if this diameter be fmalter on the day of 
the firft quadrature, the leaft tide this month will 
be 2 days after the firft quadrature. On the con- 
trary, if the moon's diameter be the Jeaft on the 
day of the laft quadrature, the loweft tide thac 
month will be z dtiys after [he laft quadrature. 

For an inftance, fuppole the kail tide required 
for the month of Jmie^ 1701. 

By the tables, we find the diameter of the 
moon, on the 13th of June^ the day of the firft 



quadrature, to be 16 
I 




and on the 28th of 



4oI 
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June^ the day of the laft quadrature, lo be 

14' ^47", confequcmly the fmalkft tide in the 

month of Jum^ J 701, muft have happened on 
the 30th of that month, agreeably to the oWk- 
vations of M, Baeri. 



IX. Obferuatkns onakindoft^k^ commonfy 
found near Paris, over the Banks ^f plajier- 
Jiones^ by M. de la Hire*; tranjhttd * 
Mr, Chambers, 



One of the moft curious among tranfparint 
ftones, and xhxi which mav give moft employ- 
ment CO the naturalifts to account for its effcfta is 
what we commonly call iftand cryftaL *Tfs ex- 
tremely tranfparent, and clearer even than the 
fiaeft glafs ; but might be more properly called a 
talc than a cryftal, for the realons alledged here* 
ifter. Its difcovery we owe to Era/mus B^* 
iboiin^ a celebrated Danifb madiematidan, who 
firft kid it before the pubhck^ in atreatife upon 
the fubjeft, printed in 1670, M* Hi^'iim has 
alfo been very hrge on the properties of this 
ftone, in his treat ifc of light, printed in i 690. 

Having two large pieces of this it one in my 
poflfcflion, I was willing to examine it, by fcvt* 
ral experiments, and in different manners, taodi 
for my own fatisfkftion, and for the afocrtitniug 
of what thofc gentlemen have laid of it. It 
ought, as already hinted^ to be called a talc, ra- 
ther than a cryftal, it being one of its chief pro- 
perties to cleave readily every way, bat (till p* 
rallel ro one of thole 6 phafes, whereof its figpft 
confifts, which is always an oblique angled piraJ 
klipiped, and confequemly its fragoicnts WJ* 
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atttN!parialk]ipipeds,whofe 8 folid angles are placei 
iitnilarly in the fmalleft pieces, as in the largeil. 
. The 6 faces, whereof it is formed^ are oWique 
azigled parallelograms, whofe two oppofite obtufe 
angles are each loi degrees, 30', and confe* 
ouently the two others being the complements 
ttiereof, muft be each 78^^— -30^: this J have 
learnt by my obfervations. 
' In this paraUelipiped are only 2 folid angles^ 
which are oppofite to each other, and formed by 
2 of the obtufe angles of the faces \ the other 6 
are each comprehended between one obtufe angle 
and two acute ones, there being in all 12 equal 
obtufe angles, and as many equal acute ones. 

The inclinations of the faces make two kinds 
of angles ; 6 whereof are obtufe, comprehending 
each 105 d^rees, and 6 acute ones of 75*^ each, 
which are the complements of the former,- ■ 
Thefe meafures are fomewhat different from thofe 
of MefT. Bartholin and Huygens^ which may a- 
rife from the difficulty of making exaft obferva- 
tions thereof, by reafon the acute angles are not 
fo well defined as the obtufe ones. 

Thus much for the figure of the (tone. ■. 

But what is more remarkable in it is, that it re- 
prefents all the objects feen thro' two of its pa- 
rallel faces double ; the diftance between the two 
images appearing fo much the greater, as the 
faces are further diftant from each other, or the 
CTyftal thicker. This phenomenon is the moft 
fenfible, when the object is a black point, or a 
line drawn on the face of the (lone. 

The doubling of the objcdt, however, is not the- 

only thing to be confidered in this ftone ; buc 

the manner wherein this is done, which is always 

in the line pivffing thro' the objeft, which is pa- 

■ V6l. III. N^34. Bbb ralkl 
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rallel to that whereby the obtufc angle of the face 
the object is opon is bifefted* 

This double image of the fame objeft flicwSi 
that there miift be a double refraftion in thefc 
bodies^ and accordingly two very different otics 
have been diftinftly obfervcd. The firft, com- 
mon to that found in all tranfparent bodies, and 
depending on the inclination of the incident ray, 
to the line perpendicular to the face of the body 
when the refraftion is made. The iecond, pecu- 
liar to this cryftal, and arifing from another iR- 
cli nation of the incident ray, to another line in- 
clined to the fame face. Hence it follows, 

that if the incident ray be united with one of theie 
lines, it will not undergo the rcfraftion belonging 
to that line, but will undergo that depending oa 
the other ; and confequently the image will al- 
ways be double in every other inclinatiop. 

I have made leveral experiments, and have 
likewiie repeated them feveral ways j the refuk 
whereof is, that in thefirft of the tworefraftiom, 
the fine of the angle of incidence in the air, is to 
the fine of the angle refracted in the body as 5 to 
3 i whence we learn, that ,this refra£lion of the 
body, notwithftanding its foftnefs, furpaflcs that 
of the glafs, which is only as 4 | to 3. 

As to the 2d refradion which is peculiar to 
this body, and makes the objeft double. Bar lie- 
Hn takes it to depend upon a line, or ray, always 
parallel to the edges of the faces next thole where 
the refraftion is made ; but Huygens denies this 
line to be parallel to thofe edges \ for myfelf, af- 
ter examining the point with great attention, I 
find this line more perpendicular to the fur face of 
the cryftal by 1*^, which is no great matter in an 
enquiry of this kind ; further I find tlie fines of the 

angles 
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angles of incidence in the air with regard to this 
line ; and in this 2d refradlon to be to the fines of 
the refrafted angles nearly as 4 | to 3, which is 
inuch Hke that of glafs. 

'Tis obfervable, that the image produced by 
the fecond rcfraftion, always appears lower than 
that produced by the firft ; the reafon whereof 
is eafily affigned from the kws of diopcricka, as 
alfo why each of the two images only appears 
with f the ftrength it would have, if viewed with- 
Odt the interpofition of any other body. Hence 
rt iSj that when the parts of the two images cover 
each other, as will happen in a certain ficuation to 
a black (troke upon the cryftal, this part will ap- 
pear twice as ftrong as any where elfc* 

MyJ examination of the I (land talc led tne to 
confider that found in this country over the 
banks of plafter-ftone i for we muft not negleft 
what isGommitted unto us, and which would ap* 
pear curious in a foreign country to bellow all our 
attention upon what comes afar. 

Thi^ pi after talc is a tranfparent ftone which 
bears a near refcmblance to that brought from the 
Lfvanfj except in point of figure, which is very 
fingularj and is conftantly the fame in all the 
pieces we have feen ; its relation to the real talc 
confifls in its cleaving readily into thin leaves^ or 
lameUie^ equally tranfparent with thofe of com- 
mon talc, but fmalier, and more brittle. 

We meet with ftore of pieces of this ftone, of 
a moderate bulk, in a^r4/«/?jof white fatty earth, 
over the blocks of ftone whereof the plaftcr of 
Paris is made*, they are diftributcd thro' this 
earth, wherein it is known they are formed with- 
out any order or uniformity, being thrown as it 
were at random* and feveral almoft joining one to 
B b b 2 another 
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hence objefts only appear very confufedly thro* 
tJiefc fides unlefs che cruft be removed, and a var- 
nifli kid over, which is not eafy to execute, by 
rcafon of the fniall conncftion between the U^ 

One of die points of the fork is fome times 
found a little feparate from its piece, being only 
joined irregularly thereto, by a little of the fatty 
earth \ and upon feparating them quite, we find 
that thefe points only adhered to the reft by pieces 
of lamina ^ about a line thick, which enter more 
Of le& into the body of the ftone> and make bond 
as the malbns call it therewith. 

Upon removing fome of the rough lamella on 
the furface of this talc, we clearly difcern lines 
therein, as EF proceeding from the middle line 
A B, towards the edges on either fide \ and making 
an acute angle AEF, with the fame middle line 
towards the fork A, of about 60^ : we alfo per* 
ceive other lines as GH proceeding from the 
middle towards the edges, and making an acute 
angle BGH towards the point B of 50^^, fo chat 
the acute angle formed at the qieeiing of thofe 
2 lines is 70^, 

Hence it always happens, that upon cleaving 
the talc into thin pieces, which can only be done 
wkh a ftiarp knife, beginning at the exterior 
edges afcer firfl removing thecruft : moft of fhefe 
lamina break into triangles, whofe angles are 
conftandy 50, 60, and 70 degrees, which is a 
very fingular property of this ftone. We alfo 
find certain fragments of thofe thin lamelU^ in 
figure of a parallcllogram compofed of 2 of 
thefe triangles joyned t(^ether. 

Hence we may probably infer, that the mafs 
of thcfe talc ftones, confilh only of thin lamelLt 
Jlcnderly fattened to each others each whereof is 

formed 
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formed of lirtle triangular lamdLe^ as the clemtfiCS 
thereof which arc ftrongly faftcned to each ofhcr 
at their edges, whence they have a confidcrabfe 
firmnefs \ each of which little elementary tmu- 
g!cs has 5 unequal acute angles; viz. of 50* 60, 
and 70°, as appears from the pieces of broken 
lameUs^ which are only aflemblages of the ftme 
elementary triangles, and form triangles like their 
elements \ for rhefe lamella are very brittle, and 
yet afford the fame angle* when, or howfoever 
broken. 

If the fides of thefe elementary triangles do not 
make a right angle with their face, but an angle 
ot 75 degrees on one fide, and its complement on 
the other, which however is more than can be 
obferved, it would likcwifc follow, th:it upoti 
joining together in the fame order, the whole fide 
of apiece formed by ihem, would have this incli* 
nation to the face, which is eafily obfcrved* 

From the difference of the angles in the ele- 
mentary triangles, it will Hkewife follow, that 
according to their feveral arangements in forming 
the lamelU^ the fides of thofe lamella will eifher 
be parallel to the line in the middle^ or inclrned 
thereto in lo^^ which alfo forms the point of the 
piece; the faces whereof are always inclined lO^ 
to the middle line on either fide, when they are 
inclined at alt, which happens almoft univerfaMy ; 
for the angle AEF being conftantly 60'^, md 
the angle BGH, ot BE I, or BEK fo**, the 
angle FEI or FEK, will necefllirily be 70^1 
and if the triangle FEI, whofe angle FEI ftiould 
be 70^, have iis angle EFI 60^, and confc- 
quently the other EIF of 50, it will follow, th^t 
the fide Fl will be parallel to AB; but if the 
angle EFI, oP EFK be 50 degrees, and the 
other EKF 60, the line FK will make an angle 

with 
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%ith the middle an angle of 10^^ which we ufually 
find accordingly* Thde 2 cafes may happen ia 
the firft: formatioa of the leaves by the triangles, 
as FEK taking an inverted fituation^ the angle ifl 
E ftill remaining the fame i and as we may fup- 
pofcj that before the forming of thefe leaveSi 
their elementary triangles Soared in a liquid fub- 
fiance ; by the motion whereof they were ranged 
aiide of each ocher, in a certain ordcr» agreeable 
to their figure; whence it happened, ihac the 
fides of the lamtlU might become inclined to each 
other, in an angle of 10 degrees; for I only hetie 
confider f the in tire lamella which is always di* 
vided into two by a line, as A B i but if in fuch 
formation of the lamdU^ one of them by any ac- 
cident happened to take a different pofition, the 
reft adapting themfelves thereto by the motion of 
the fl«id^ formed the fides of the /w/if/ii? parallel 
io each other. 

It was in this formation of the Umeiy^ that 
they acquired their hardnefs, which became pretty 
confiderable by their elements joining to each 
other at their fides ^ but the lamella having ftill a 
liquid matter between them, which could only be 
drained ofif in time, it hence happened thiit they 
did not adhere any thing confiderably to each 
other by their furfaces ; fo tint if there be the 
leaft foreign matter left between them, they 
will always be eafier to leparatc from each other 
than to be broke a-crofs. 

As to the fork CAD, its formation fcems to 
be as follows, the angle formed by each horn as 
ACH or ADH is uftially 50"^^ which is the fmal- 
left of the 3 angles of the clement, and if the ex- 
terior fide of the piece make an angle with the 
middle line of lo*^ towards the point, it follows, 
that the angle of the fork CAD muft be 120 de- 
1 grees, 
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foma pieces 



very near what we aftoally fii 
of this talc. 






Now i( any 
foreign body have been found about A to hinder 
the 2 elementary triangles, which Ihonkl iuvc 
been difpofed therein from uniting to chofeof the 
f fides (fomething of which kind we aflually fiiid in 
the dilunion of the horns, from the body of the 
talc by a piece of earth as aboirementiozied) in llib 
cafe, the connexion between the lamina betng 
interrupted, the reft muft have continued forming, 
and terminate at length in the point of the hom, 
by lines parallel on one fide to EF, and on the 
other in AC and AD ; for the natural figure of 
the elementary triangles in joining together, will 
always form triangles fimilar to the elements. 

What has hitherto been obferved of the qtmn- 
titles of the angles in the talc, is only what ob- 
tains in the general, there being fcveral irrcguk- 
rities found therein, occafioned in the formatioa 
bj? foreign bodies, which diverting the elcttiemary 
tri angles, have made them alTume externa! figures 
different from what would naturally have aroft 
from the afiemblage of elements i yet without 
any fuch thing being perceivable in the body^ on 
account of the fmallnefs of thole elements, as we 
find by fame of the fides which are a little cfX)ok- 
ed^ and by certain angles which are lefs or greater 
than thofe of the elements, in which cife thcfc 
fides muft have litde dentures ; fome whereof arc 
perceivable in the irregular fraftures of the h* 
fiulU : in fine, we find fome pieces of talc which 
have others fattened on their fides ; in others 
the point is extended into a paralcllipiped onlyOQ 
' one fide, and towards the point of others, wc 
find another piece form*d as ufual, but oppofitc 
to the firft, with a thoufand other varieties which 
arc as it were the Iu/hs of this formation. 

After 
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After cjcamining the figure of this talc, I ap- 
plied my felf to the obfervation of ira rdtiidiorte. 
Thefe> I firft confidered between the 2 parallel 
iices, the only way wherein the ftone is naturally 
tranfparenti and then \n planes perpendicular h> 
thofc faces, as is ufuatly done in mcafurmg titc 
refraftion. Then in all the other direftions, as 
Jcngrhwifc from the middle of the point, towards 
the fork; then fide-wifc^ breadth-wife, perperl- 
dicnlarly to the middle line, t?r. and every 
iwhere under all the different angles of inclination, 
found the fine of the angle of incidence in the air, 
fothc fine of the angle refrained in the body as 
5 to ^ j, which is the fame as that from air into 
glafs ; and the fame I ike wife with that peculiar to 
Jfland eryftal, which deferves a fpecial attention 1 
teftlyi feparadng a piece of talc into two^ by the^ 
plane which divides its length, and is perpendicu-- 
lar to the faces, I examined what the refraftton 
wou'd be a^crois the thicknefs of its fide, fuch 
fcfradion being made in a plane parallel to the 
faces, which is impradicable while the two halft 
arejoyned together, bath by realbn of the too 
great thicknefs, and of the foulnefs of the middle 
part where the feparation is j but having cleanfed 
this part, and fmearcd it over with a Hctlc gum- 
watcr» as alfo the outer edge which is commonly 
cough, till a black l>ody miglu be dircerned ihro' 
it, 1 found, thit the refradion this wiy was the 
fame as before s viz. ^s 5 to 3 j. 

But being fcarcc fatisficd wich all thcfe obierva^ 
tion«» I was furrhcrr willing to know whether the 
ciefcs or fliws, perceived on the fide of this ftone, 
might not produce fome particular effifi^ I to m.ik^ 
which the more apparent, I applied an iron wire 
lengthwile over thefe cieitSi and looking ihifO* the 

Vol, Hi N^ 34^ Ccc lalc, 
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talc, found its image appear m two dififcrcnt 
places, or at l^ft much larger than k reilJy was, 
with a clear fpaoe between the two; then moving 
the M^ire gently, but ft ill in its former dircftjon, 
J perceived the image jucnp, as it were, from onfe 
place to another, but It ill doubk ; to render thefc 
obfervations the more confpicuouSa by reafon tiie 
.talc is very dim when viewed fide way s* it moft 
lie held near the light of a candle^ and the iroa 
wief applied full upon it. 

Here it will be nequired to produce phyfical 
re^f^ns qf all thefe efteds^ not only of the talc^ 
but of f/l^nd cryftal, which it fo nearly refcmbtes* 
from whence light might perhaps be tec iiitomoft 
other tranfparent bodies^ as diamond rock, cry* 
ftal, allom, i^c, which are al! natural produce 
tions $ and in all appearance are formed of ao 
affembltge of elements, fimilar to each other, 
which determine their figure s but this I nefcrvo 
for another memoir. 

At PaJJy near ParrSf round the mineral fpring, 
are Hkewifc found little pieces of talc, of tho 
fame Ipecies as that ot the plafter quarries, be- 
ing fiffile like ihem into thin Umdlse % *tis very 
clear and tranfparenc, and fenfibly formed of d^ 
fame triangular elements, as that of plaflrer % but 
the figure of its two parallel facesi according 
to which it cleaves, is a parallelogram with rwo 
9cute angles of co degrees each. Irs (ides make 
an angle, with the faces of 125 degrees on eaA 
fide, tho* 'lis difficult to mcafurc them exaftly, 
by reafon the fides are not fmooth^ as being only^ 
formed of the extremities oi lameli^^ which leaves 
federal inequalities along the fides. 

What is moft remarkable in this talc, is a 
promioent angle, of about 110^, which \l 
inakcs about the middle of its thickneis.oii either 

fidci 



fide ; fo that its figure would be a parallelipiped^ 
Wuh.d.fa,c^, ppovkied ic^ two end^,^ or bai^ 
were plain ; bu| they aHb make a prominant 
stogie aboi^ the middle of 1 40 degrees* / 
' A^ to d^ reftadtion of this taJc, I have not 
been able to find the cxadt quantity thereof, by 
reafon the pieces ai^ too fmall > nor do I find, 
that objedls appear double through its parallel 
faces. 

, Sit Ifaac. Newf4ifi ^yes^hi^ obfervation^ upon 
ijland cry&dl^ with, an abltrufe fort of fplutioa of 
]|s effa<^ in \m Qptick^. 
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yjfo Explanation of the Terms of 
Art ufed in this volume^ which 
were not explained at the end of 
the former volumes^ 

A 

ALhiJade^ is an Jrabk word, ufcd to csf^ 
prefs a tnovcable rule applied to an inftra- 
ment for obfrrving heights and lengths* It is alfo 
called a diopter. 

Afogmniy or ^P^gte^ is a point in the heavens^ 
in which the fun, moon, or any planet^ is at its 
greateft poflible diftance from the earth. 

Jrecmeter is an inftrument ufed to meafure the 
denfity or gravity of Hoids. That which is ufed 
by the royal academy of fcienccs at Paris^ is a 
giafs bottle balanced with quickfilver, having a 
very narrow neck, divided all along into equal 
pans- It is im merged in liquors, which they 
would compare together, and the weight of them 
is determined by the degree to which the areo- 
meter finks \ that in which it fmks mofi being 
the lighteft liquor, 

B 

Brace^ a meafure of 5 Paris feet and 4 indies, 
or about 5 feet, 7 inches | of our meafure 

C 

Caliber^ the bore or width of a fire-arm, or the 
diameter of its mouth, or of the ball that it car- 
ries. 

€b^mher^ or fourneau^ or furnace of z mine, 

is thai f^rt in which the powder is placed. The 

g cavity 
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O 

Os IffMdis, « bofic fo AiUedt foeoaiiie k n^ 
fembles the Grak letter Y. It lies 9t the root of 
(hetoogi^, . 

P 

Perigeum, or perigee, is a point of the heavens, 
in which the fun, mooin, or any planet is at its 
kaft poflTihfexii&anQe from the mthl* /' 

Pia mater^ a thin and (plicate dathle vntid^ 
brane, which lies under the dura maier^ and invi 
mediately covers the fubftance of the brain. 

s 

SatACiffty or &ufage, is a littk roll c^ pitehcc) 
cloth, 2 inches in diannecer, filled wirh good 
powder, and having a flow fufec failctied to it; 
It' reaches quite to the chamf^er of t|is mine, and 
is ufed to &t it on fire. 

Syftokj that motion of the hearty by which ie 
contra£bs itfelf. It is oppofite ta the dimfi^ley by 
which it dilates itfelf. 
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Cape Horn, its pojitim in the maps err&ne&us, 

Girtefianj/^^/?/ ff/the eauft tfgrmnty vindicated. 
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Catarrh, an epidemicOF me^ xuMcb fucaeded m thaw, 
Cats, the particular Jiruifun of theinyis. 
— plmied in water^ the ^ ^ta m their iy$i €§nfidmi. 

19} 
Centring well the ohjeil-glafs ef a tilefape^ the nuiffftf 

cfit, 
Chama er purr, afm rfjhell-jijh* 
Circulation t>f bknd in infect. 
Cobwebs, hmv made. 
Cold, c^min^ with a fmth wind. 
Colick eafid 

Cofomandel, a fort of acorn frsm that imntfy, 
Crabs- eyes, &bfervatiom on them. 
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Declination^ /^^ »^;?^& tfJ/Jfwi. ^3, 95, 105, 172, 

Dender, a conftderable river flowing into the Nile. 1 37 

•— — — thought to he the Aftape of the ancienU. 138- 
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